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Here's the operation-story on the TAG Celectray Indicating Con- 
troller: It employs a mirror galvanometer, in which an inertialess 
beam of light takes the place of the customary metal boom. The 
slight deflection of this light beam on or off the edge of a photo- 
tube operates the control without a second's delay. Part of this light 
beam is intercepted by a 45° mirror and reflected on the scale 
window, where readings are made instantaneously. 
/ It's as simple as that—and the payoff is that the Celectray 
i . gives you continuous balance . . . controlling as closely as varia- 
' tions in power and load will permit . . . controlling ALL the time. 
Get the facts about the TAG Celectray. Find out how it can 
increase processing efficiency in your plant. Write for catalog 


1101-H. 





IMMEDIATE SHIPMENT FROM STOCK 
TAG Celectray Indicating Potentiometer Controllers are now available 
from stock in the following types: 110 volts, 60 cycles; 220 volts, 60 
cycles (extra cost). In ranges from 0° to 1600°F., iron constantan; 
0° to 1650°F., chrome! alumel; 0° to 2000°F., chromel alumel. 
Specify “‘Stock Shipment’ on all orders 
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Test conditions, too, are uncertain as 
the weather, without adequate controls. ‘. 
That’s why the W & T Manostat — a precision ® 
aneroid controller for pressure and vacuum 
systems — is indispensible where high accuracy 


is required, 


Under norma] laboratory test conditions, the 
Manostat will maintain set pressure or vacuum 
almost indefinitely without readable variations — 
especially valuable in instrument 
calibration and other controlled- 


system test work, ( 


’ 
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The instrument is manually = 
adjustable to 0,005 of an inch "ill 
of mercury over a range of 

3-60 inches of mercury 

absolute pressure. 


Write today for further details on this new precision 





instrument to eliminate variables in test conditions due to 


A-59 barometric changes and changes in the vacuum or pressure source. 
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EDITORIAL 


By M. F. BEHAR 





—— 


Can “Accuracy” Be Defined? 


N one of the conversations with old subscribers whom 
we met for the first time at the ISA Conference (and 

what a pleasure it was to meet them!) our friend com- 
mented shrewdly on the publicizing of new instruments: 

“When I have to spend the company’s money on a valve 
for a six-inch line, I don’t order a two-inch valve or a 
twenty-inch valve. That’s why, when I have to order in- 
struments, meters and controllers, I always look for facts 
and figures. That’s why I pay no attention to such wordings 
as ‘ultrasensitive’ or ‘very accurate’ or ‘absolutely shock- 
proof,’ if the announcements do not back them up with facts 
and figures such as the percent accuracy. One reason why 
I like your magazine is because your new-product columns 
are so full of facts and figures and so free from ballyhoo. 
Is it true that instrument companies usually state the per- 
cent accuracy of their new products in announcements they 
send you and not in those they send to other periodicals?” 

“Not usually,” we explained. “Most manufacturers send 
the same announcements and pictures to al! technical maga- 
zines. What we do is to edit all, re-write some and, yes, 
sometimes we request the figures our readers look for when 
these have been left out—especially the percent accuracy.” 

“Ts it true, then, that some manufacturers instruct their 
sales engineers to refuse to give any percent accuracy 
guarantees? That’s what one sales engineer did and al- 
though I like him I think his company is too conservative.” 

“There are many cases,” we replied, “when a company 
cannot guarantee that the instrument will be as accurate 
when you have installed it as it was in the factory.” 

“Oh, I know all about that,” our friend exclaimed, “and 
my kick is that this man wouldn’t even give me the factory 
accuracy figures on this new flowmeter. I want to know 
HOW accurate it is under correct conditions because I in- 
tend to have the installation conditions absolutely correct.” 

“Did you say a flowmeter?” we asked. 

“Yes, an orifice meter, electric type.” 

We promptiy informed our friend that we never request 
manufacturers of electric flowmeters to include the percent 
accuracy in their announcements of new models. 

By coincidence, the question of accuracy had been raised 
the preceding evening at a technical committee meeting: an 
engineering official of a company which manufactures elec- 
tric flowmeters had reported that awkward situations 
sometimes arise when prospective customers desire written 
accuracy guarantees. He wanted a definition of “accuracy,” 
applicable to these situations, to be made available. 

Such a definition was made available in 1932. However, it 
represented the result of an attempt to deal with the accuracy of 
indicators, of recorders and of integrators, to combine the utmost 
rigor, explicitness and clarity. This result “had everything” .. . 
except brevity ; it ran to twenty-four pages full of “ifs” and “buts.” 
The following lacks some touches of a Standard but it is readable 
and serviceable: 

Axiom I. There is no such thing as absolute accuracy 
in the instrumental measurement of variable magnitudes 
such as flow-rate, temperature, speed, pressure, pH, etc. 

Axiom II. The function of a measuring instrument is to 
assign to a measured magnitude a numerical value, i.e., 
a mathematically-usable quantity. 

It follows that “accuracy” is the relation between the 
true value (of the magnitude) and the obtained value (of 
the quantity). In other words, when all of us say “accuracy,” 
what we have in mind is INaccuracy. 

The true value, of course, is a quantity obtained by means of 
a “more accurate” instrument which has been certified by means 
of “still more accurate” instruments, Or it may be a fixed point 
of Nature, such as the temperature of equilibrium between ice 
and air-saturated water at normal atmospheric pressure, 

This definition is unassailable, but as a specification it 
applies to the accuracy of an instrument at only one point 
on its full scale—to the Point Accuracy. The important 
property known as INTRINSIC Accuracy is defined as the 
extent or closeness to which the readings (note the plural) 





of the instrument approach the true values. The adjective 
“intrinsic” is necessarily used here to denote the accuracy 
of which the instrument is capable, not its variable accuracy 
under unpredictable service conditions. The expression “in- 
trinsic accuracy” should be used, therefore, in preference to 
unqualified “accuracy” in the wording of users’ specifica 
tions and makers’ guarantees. 

Intrinsic accuracy should be explicitly stated in terms of 
the Limit of Error, “the maximum error by which the read- 
ings (note the plural) of an instrument will depart from 
true values.” 

The limit of error, in turn, may be expressed in different ways 

1, Its value at a given point, or in a given region of the scale. 
(Useful in the case of some tachometers and thermometers, instru- 
ments having square-root-law primary elements, etc.) 

2. Its ratio to the true value above absolute zero. 
suppressed-scale instruments. ) 

3. Its percent of the scale range. (Preferanble for most instru- 
ments with uniformly-graduated scales.) 

The intrinsic accuracy of a measuring instrument usually 
is the resultant of its specific measuring properties, such 
as Degree of Precision, Unit Sensitivity, Speed of Response, 
Scale Law, Readability, Variance, Figure of Merit, Baro- 
metric Coefficient, Temperature Coefficient, Position Error, 
etc. These should be kept in mind. For example, considera- 
tion of Speed of Response suggests a distinction between 
STATIC and DYNAMIC Accuracy—the latter sometimes 
expressed not in words but in graphs. 


(Useful for 


The foregoing suffices for most measuring instruments, 
but not for many multi-stage or complex measuring systems 
such as electric flowmeters, because the user may have in 
mind the OVER-ALL intrinsic accuracy of the totality of 
the parts he buys, while the seller knows from experience 
that each component may become the source (not the 
“cause” but, say, the “locus”) of relatively large errors— 
unpredictable in new industries, new processes, etc. 


We were asked how we, representing users, would word the 
accuracy specification for an electric flowmeter; or how we would 
state the accuracy guarantee if we were the flowmeter manu- 
facturer. The request was unofficial; our reply is not in the lan- 
guage of specifications. We would speak as follows to a friend: 


“First, the orifice plate. Its orifice diameter is 4.735” +0.001”; 
its orifice roundness is true to +0.001” and we therefore guarantee 
its DIMENSIONAL limit of error to be +0.02%, or +0.04% in 
terms of AREA—not in your vapor line but at room temperature. 
The coefficient of linear expansion of the alloy is 10.6 10-6 per 
degree C. at room temperature and 13.7x10-6 at 400°C. so that 
you can compute for yourself the effect on the orifice coefficient 
at your working temperature. What’s that? You want me to 
guarantee the accuracy of the orifice coefficient at 375°C. without 
knowing the pipe I1.D. and other data? Not on your life! 

“Now let’s go to the other end—at the control board. Our 
recorder, as an electrical recording instrument, has a limit of 
error of 0.6%. Yes, in a Canadian winter or an Iranian summer, 
because it is temperature-compensated, but don’t forget that paper 
charts—even ours—are hygroscopic, so that in a moist location 
the humidity error may be 2% of the chart’s scale range. 

“Our manometer has a limit of error of +0.5% when correctly 
installed, leveled, etc. This figure refers specifically to its 
functional intrinsic accuracy, in converting changes of differential 
pressure into electrical changes. Owing to square-root-extraction 
geometry, +0.5% applies only to the upper half of the range. 

“Each of the two sealing chambers or reservoirs has a negliigble 
dimensional limit of error, say +0.01%. Call the errors additive 
and you get +0.02%. The functional limit of error, including 
capillarity, temperature and other effects, seldom exceeds +0.6% 
in factory tests. For field conditions, however, absence of errors— 
enormous errors—depends on your men. No guarantee ! 

“No guarantee either for absence of large errors originating in 
the pressure connections and lines, or in that mile-long electric 
cable your men will install between our manometer and our 
recording instrument. And now that you understand our reserv- 
ations, I can guarantee that the over-all intrinsic accuracy of the 
components we offer you is +1.5% for the upper half of the range 
and—of course—for the fairly steady flows we have reason to 
expect in a continuous chemical process. 

“What's that? Wildly fluctuating flow? Reciprocating pumps? 
Why, my dear Mr. User, I wouldn’t give a flow-measurement 
guarantee to a department in our own factory with our own 
men making the installation, if the flow fluctuated!” 


Conclusion: Remember “intrinsic” and “functional” in 
particular and, in general, whenever you strive for utmost 
clarity in requesting or giving information, qualify the 
noun “accuracy” by whatever adjective or phrases are appli- 
cable, such as “at room temperature,” “electrical,” 
“dimensional,” “on a shock-insulated panel,” etc. —MFB 
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ORGANIZATION 


of the Instrument Division at Canada’s 


SYNTHETIC RUBBER PLANT 


By J. W. GRAEB, Polymer Corp. Ltd., Sarnia, Ontario. 


INTRODUCTION 


ORN of a wartime emergency, 

Canada’s Synthetic Rubber Plant 

grew from a mosquito - ridden 
forest to a complete rubber-producing 
plant in twenty months. The acute rub- 
ber shortage affected Canada no less 
than the United States and the syn- 
thetic rubber program of the two 
countries was integrated, resulting in 
complete interchange of ideas in the 
design, construction, and operation of 
the synthetic rubber producing units. 
Canada’s share in the program was 
such that it was considered advisable 
to build one large plant, complete and 
self-contained, which would produce 
both Buna-S and Butyl Rubbers from 
the light hydrocarbon raw materials. 

The Government of Canada set up a 
Crown Company, Polymer Corporation 
Limited, to build and operate the plant, 
and to handle all matters pertaining to 
synthetic and natural rubber in Canada. 
Three operating companies were formed 
under Polymer Corporation, to manage 
the actual operation of the various 
process units on a management-fee 
basis. 

Dow Chemical Company of Canada 
operates the three units of the styrene 
plant—the ethylbenzene unit, the 
styrene cracking unit, and the styrene 
finishing unit. 

Canadian Synthetic Rubber Company 
operates the co-polymer plant where 
styrene and butadiene are combined to 
form Buna-S rubber. 

St. Clair Processing Corporation was 
formed to operate the Light Ends Re- 
covery Unit, Isobutylene Extraction 
Unit, Butyl Rubber Unit, Butylene 
Concentration Unit, Butadiene Dehy- 
drogenation Unit, Butadiene Extraction 
Unit, Steam and Power Plant, Central 
Mechanical Shops, and General Store- 
house. In May of this year St. Clair 
Processing Corporation was absorbed 
into Polymer Corporation which now 
operates directly all the areas formerly 
operated by St. Clair Processing Cor- 
poration. 

In this paper it is proposed to deal 
only with the Instrument Division as 
operated formerly by St. Clair Proces- 
sing and now by Polymer Corporation. 





Presented at the first Annual Conference of 
the Instrument Society of America, William 
Penn Hotel, Pittsburgh, Penna., Sept. 16-20, 
1946. 

Note: Statements and opinions advanced 
in papers are to be understood as individual 
expressions of their authors and not those of 
the Society. 
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Both Dow Chemical and Canadian Syn- 
thetic Rubber have their own well- 
equipped and well-organized Instrument 
Departments which they operate them- 
selves. In referring to the “Polymer 
Instrument Division,” it is understood 
that only that Instrument group oper- 
ated directly by Polymer Corporation 
is meant. 


INTERNAL ORGANIZATION 


The Instrument Division is headed up 
by an Instrument Engineer and an 
Assistant Instrument Engineer who 
divide the responsibility of the group 
between them. Under these men are five 
groups of mechanics, each supervised 
by an Instrument Foreman. 

For operating supervision the plant 
is divided into three main sections: 
The Feed Preparation Section, consist- 
ing of the light ends recovery, isobuty- 
lene extraction, butylene concentration 
and butane blending units; the Buta- 
diene Section consisting of two iden- 
tical butadiene dehydrogenation units 
and the butadiene extraction unit; and 
the Butyl Rubber Section consisting of 
the fractionation, polymerization and 
finishing sections of the butyl unit. 
Each of these three sections has its 
own Instrument Foreman and group of 
Instrument Mechanics. A fourth group 
looks after the steam and power plant 
instrumentation, and the utility and 
accounting meters throughout the plant. 
The fifth group is the Instrument Shop 
crew, a special group which will be 
dealt with Jater. 

The responsibilities of the Instru- 
ment Engineer and his Assistant in- 
clude the formulation of over-all pol- 
icy, codrdination among the groups, 
personnel problems, technical problems, 
specification of new equipment, staad- 
ardization of installation and mainte- 
nance, and conducting instrument train- 
ing programs. In general the Assistant 
Instrument Engineer is responsible for 
technical problems and the training 
program, and the Instrument Engineer 
handles personnel problems and the 
specification and standardization work. 
The division of responsibility is not 
sharply defined, and each is kept suffi- 
ciently informed of the other’s work 
that the duties of both may readily be 
assumed by either one. 

As far as possible the instrument 
foremen are given a free hand in the 
supervision of their men and in the 
operation and maintenance of the 
equipment for which they are respon- 
sible. 


The organization of each of the vari 
ous groups differs somewhat, depend- 
ing on the exact nature of their duties 
and problems, but the three groups 
working directly on the process units 
may be considered as identical. Under 
the foreman is one First Class Instru- 
ment Mechanic who is designated as 
Senior Mechanic for that group, four 
shift mechanics who are classed as 
First, Second, or Third Class mechanics 
depending on their skill and experience, 
and two additional mechanics who may 
be any grade from Junior Mechanic, 
which is one grade below Third Class, 
to First Class, depending on the status 
of the training program and the neces- 
sities of that particular unit. 

The shift men are the key men of 
the organization. They are trained and 
expected to handle all instrument prob- 
lems that arise during their shift and 
little work is left over from shift to 
shift for the day crew to do. The proc- 
esses being controlled are of such a 
nature that the operating departments 
do not care to operate on manual con- 
trol any more than absolutely neces- 
sary, and all instrument troubles are 
taken care of at the time they occur. 
The only work that the shift men are 
allowed to pass over to the next shift 
is what they could not finish for lack 
of time, or work which required the 
assistance of a shop specialist. It is felt 
the job of shift mechanic actually re- 
quires a First Class Instrument Me- 
chanic and it is expected that all the 
shift jobs will eventually be filled by 
First Class Mechanics. The rest of the 
men in the unit crews work on routine 
inspections and overhauls, smal] instal- 
lation jobs, and special work brought 
about by new developments suggested 
by the Technical, Process, or Instru- 
ment groups. 

It should be explained at this point 
that the grading of the mechanics is 
from Handyman, which is the starting 
grade, progressively through Helper, 
Junior Mechanic, Third Class, Second 
Class to First Class Mechanic. 

The Power Plant and Utility group 
consists of two mechanics who are 
either First or Second Class and two 
Helpers in the power plant, two Junior 
Mechanics and two Handymen on the 
utility meters. 

While the Steam and Power Plant 
is completely equipped with modern 
instrumentation and control through- 
out, the maintenance problems are not 
of a nature requiring a mechanic to be 
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present at all times, and it is not neces- 
sary to have shift men on hand. 

The problem of accurately measuring 
feed stocks, products, and utilities such 
as steam, water, fuel gas, and com- 
pressed air throughout the plant, is a 
major one. Accordingly four men, as 
designated above, are kept busy looking 
after the maintenance of the meters 
on these services. As the work is main- 
ly of a routine nature, dealing mostly 
with flowmeters and pressure record- 
ers, and does not require work on con- 
trol or transmission systems, less ex- 


repairs all pressure gages, chart 
drives both mechanical and electrical, 
laboratory stop watches, laboratory 
balances, and the plant master clock 
in the Power Plant. In addition he un- 
dertakes all extremely fine machine 
work. The Pipefitter handles all instal- 
lation work except on jobs which are 
too large or too urgent to be handled 
by one man and his helper. This in- 
cludes mounting and connecting instru- 
ments to the process lines or vessels, 
and running copper tubing lines to and 
from instruments and valves, This man 





Fig. 1. Control Panel—A partial view of the control panel for: the Light Ends Recovery 


Unit. 


perienced mechanics are entrusted with 
this work. 
SHOP ORGANIZATION 


The Instrument Shop crew is organ- 
ized to combine flexibility with special- 
ization to as great an extent as possi- 
ble. Each of the five First Class Me- 
chanics in the shop has his own spe- 
cialty, such as Machinist, Electrician, 
Valve Mechanic, Watchmaker, and 
Pipefitter, but each is familiar with 
other, more general, phases of instru- 
ment work so that he may fill in else- 
where if needed. 

In general the Machinist handles all 
lathe and machine work, rebuilding 
mechanical instruments, and construct- 
ing new or experimental devices. The 
Electrician handles the complete over- 
haul and rebuilding of electrical and 
electronic instruments such as potenti- 
ometers, resistance thermometers, pH 
instruments, gas analyzers of several 
descriptions, electrical time-cycle con- 
trollers, ete. The Valve Mechanic han- 
dles complete valve overhauling and 
rebuilding, welding jobs not requiring 
the services of a fully qualified welder, 
displacement meter overhauls, work on 
self-acting pressure and temperature 
regulators, and instrument overhauls. 
The position of Watchmaker is filled 
by a fully qualified Watchmaker who 





also does general instrument overhaul. 

The shop crew has three additional 
men—a Third Class Mechanic who acts 
as Electrician’s helper and two men 
who may be any grade from Handy- 
man to Junior Mechanic. These men are 
in the shop for training purposes and 
work wherever needed. 

As mentioned above flexibility is one 
of the main features of the shop organ- 
ization, and this feature is well main- 
tained in spite of, or perhaps because 
of, our shop specialization. The shop 
works very closely with the unit groups 
and in times of extra work as occa- 
sioned by unit turnarounds or by some 
emergency, members of the shop crew 
assist on the units and also handle 
work in the shop normally done by the 
unit crews. 

With the present organization and 
coverage of the work the instrument 
division in general, and the instrument 
shop in particular can handle almost 
any job connected with instruments; 
about the only jobs “farmed out” are 
heavy machine and pipe-fitting jobs, 
some welding jobs, and some electrical 
installation jobs. In fact the trend is 
rather in the other direction, with the 
instrument division being asked to do 
a great deal of fine work not normally 
connected with instrumentation. 


EXTERNAL RELATIONSHIP 

One of the most noteworthy features 
of the Instrument Division is its loca- 
tion in the organization chart, and its 
relationship to other groups and de- 
partments within the organization, 

The Instrument Division is not con- 
nected in any way with either the Me- 
chanical or Engineering Departments 
but is one of the sections of the Pro- 
duction Control Department, with the 
Instrument Engineer reporting direct- 
ly to the Technical Superintendent. The 
other sections of the Production Con- 
trol Department are two Technical 
Groups, each headed by a Production 
Controller, and a Yield Section, headed 
by a Yield Controller. 

The Instrument Division was not 
made part of the Engineering or Me- 
chanical Departments because, apart 
from purely routine maintenance work, 
the problems encountered in instrument 
work are very closely connected with 
the technical and operating aspects of 
the process. So often, in tracking down 
“Instrument trouble” the trouble will 
be, partly at least, in the process rath- 
er than in the instrument, and a know] 
edge of the process is almost as impor- 
tant to the instrument mechanic as a 
knowledge of the mechanical features 
of the instruments themselves. 

To facilitate the close codperation 
among process, technical, and instru- 
ment groups so necessary to satisfac 
tory instrumentation, the Instrument 
Division was made part of the techni- 
cal or Production Control Department. 
Very close contact is maintained by the 
Instrument Engineers and Foremen 
with the other two groups mentioned 
above, and the offices of all three are 
located in the same building close to 
the geographical center of the plant. 


MAINTENANCE ROUTINE 

To as great an extent as possible, 
all maintenance is put on a routine 
basis. The emphasis is on “Preventive 
Maintenance” rather than on repair 
work after an instrument or valve has 
failed in service. 

Before being installed, new instru- 
ments are first brought in to the shop 
for inspection, calibration and testing. 
All instruments in the plant are given 
a complete overhaul and inspection at 
intervals of six months to a year, de- 
pending on the severity or importance 
of the service, and the accessibility of 
the instrument. Instruments which can 
not be taken out of service while the 
units are operating are overhauled on 
the regular shut-downs for inspection 
of and mechanical repair to the units. 

Orifice plates and orifice nipples are 
inspected at intervals of once a year or 
oftener, again depending on impor- 
tance, service, and accessibility. Orifice 
plates are re-machined or replaced if 
they show any signs of rounded edges, 
wire-drawing or nicks. Orifice nipples 
and pressure instrument nipples are 
replaced at least every two years to 
prevent fatigue or corrosion failure. 
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Pressure gages and chart drives 
come in to the shop regularly for in- 
spection and calibration. With a few 
unavoidable exceptions, all pressure 
gages in the plant are calibrated about 
twice a year. 

Control valves are also subject to a 
system of routine inspection and main- 
tenance which includes regrinding 
plugs and seats and replacing the pack- 
ing. All valve packings and lubricants 
are standardized for various services, 
and the valves are lubricated on a reg- 
ular schedule. 

A great deal of this maintenance 
work, with the exception of pressure- 
gage and chart-drive inspection, is car- 
ried on as part of the regular duties 
of the unit crews, with the shop han- 
dling overflow work in rush periods 
and jobs which the unit crews are not 
equipped to handle. All the mechanics 
are familiar with the checking and re- 
pair of pressure gages and chart 
drives, but this work is handled more 
efficiently at a central location. 

By close adherence to the principle 
of “Preventive Maintenance” the serv- 
ice factor of the instruments is kept at 
a very high value. Their accuracy as 
measuring, recording, or controlling 
devices is also kept to a high value, 
and on some units it is possible to keep 
the over-all unit balances’ within 


. 0 75%. 
STANDARDIZATION 


It will be appreciated that, ‘because 
the plant was built during wartime, 
with the greatest possible speed, it was 
not possible to standardize on material 
or equipment. Many installations, par- 





Fig. 2. Butadiene Dehydrogenation Unit Time-cycle Controller at 


Polymer Corp., Led. 
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ticularly on control valves, were of a 
make-shift or sub-standard nature. 

In the 2% years since the plant was 
completed it has been possible to im- 
prove many of these installations and 
make an effort towards standardiza- 
tion. It is felt that the advantages to 
be gained by such a move are more uni- 
form and better installations, ease of 
maintenance, reduction and simplifica- 
tion of spare parts carried, and better 
operation of the Instrument Division 
generally. However, standardization is 
not carried to the extreme where it 
prevents new methods, ideas, or equip- 
ment being adopted if there is an ad- 
vantage to be gained. 

As mentioned above, control valve 
packings are standardized according. to 
their service; lubricants for control 
valves and pressure-tight bearings are 
similarly standardized. 

Valves and pipe used in mounting 
and connecting instruments are select- 
ed according to a definite code. 

Many control valves had been in- 
stalled with so-called “Victory by- 
passes” containing a by-pass valve, a 
single block valve, and no drain valves. 
All have now been converted to our 
standard installation of two block 
valves, a “by-pass valve, and a drain 
valve on each side of the control valve, 
between the control valve and corre- 
sponding block valve. 

Much of the original instrument air 
tubing was copper-clad steel; the job 
of replacing this with copper tubing is 
nearly completed. 

On each unit, all important indicat- 
ing, recording or controlling instru- 
ments are mounted in a central control 


house which is the nerve center of 
unit. Flow, liquid level and tem; 
ture (except potentiometer-type) 
struments in the control house ar 
receiver units actuated by pneumati, 
transmission from corresponding trans 
mitter units scattered throughout th, 
plant. Some pressure instruments 
mounted on the control room panels ar; 
directly connected to pressure vessels 
or process lines, but a program is 
der way to have these lines remo 
from the control houses and the insta] 
lations replaced by transmitter-receiy 
er systems. This is as much a safety 
matter as anything else, as the trend 
is to keep all lines containing inflam 
mable hydrocarbons out of the contro 
houses. 

Some of our standards are set hig 
er than necessary for many installa 
tions, but any extra cost incurred is 
more than offset by the flexibility 
achieved, reduction of spare parts car 
ried, and improved operation. Orific« 
plates are all of stainless steel plat 
unless the line fluid is too corrosiv 
Control valves are carbon steel body 
with a 600-lb. rating and stainless ste 
trim. Orifice flanges are either carbo: 
or stainless steel, one grade heavier 
than line flanges on the same service, 
and no ratings less than 300-lb. series 
30 are used. Thermocouples are made 
in our own shop of selected, matched 
wire, and standardized to withir 
+2°F. against a Bureau of Standards 
platinum vs. platinum-rhodium coup| 
Many couples, especially on high-tem 
perature service, are not used again if 
they are removed from the well for any 
reason. 





Fig. 3. Pressure Gage Test Bench, showing the pressure cylinder 


in foreground and the panel of laboratory test gages in background. 
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inder and laboratory test gage to the right rear. 


TRAINING PROGRAM 


While the Synthetic Rubber Plant 
was being constructed, it was realized 
that a personnel training program was 
also necessary in order to have trained 
men to operate the plant. Imperial Oil 

4 Limited placed the facilities of their 
. Sarnia refinery at the disposal of Poly- 
mer Corporation and undertook to 
train operating and instrument crews 
for the then St. Clair Processing Cor- 
poration. With the exception of only 
three or four of the key personnel, 
none of the men in the instrument 
training program had had any previous 
experience with instruments or auto- 
matic control. A truly remarkable 
training job was accomplished when it 
is realized that six to eight months 
after these men saw their first instru- 
ments they were putting complex proc- 
ess units into operation on completely 
automatic control under exceptionally 
adverse conditions with a minimum of 
delay. 

The importance of having well- 
trained instrument mechanics can not 
be over-emphasized. The training pro- 
gram begun at Imperial Oil has been 
continued and in some respects en- 
larged. 

New men entering the Instrument 
Division are examined critically with 
reference to their education and previ- 
ous training and experience. Their edu- 
cation must include complete high 
school or technical school graduation. 














Fig. 4. Pressure Recorder Test Bench, showing the pressure cyl- 





They start off in the shop where they 
are placed with one of the Senior Me- 
chanics and given a chance to learn 
some of the fundamentals of instru- 
ment maintainence. At this time they 
are instructed mainly in the calibration 
and repair of pressure gages and flow 
meters; work on controllers, transmit- 
ters, potentiometers, etc., comes later. 
They are also given free access to the 
instrument division library which con- 
tains a fairly complete selection of in- 
struction books, service manuals, and 
texts on instrumentation in theory and 
practice. 

After an indefinite period, depending 
on the man’s progress and changes far- 
ther along in the organization, he is 
moved to the Power Plant and Utility 
group as Handyman with the Utility 
Section. From there he proceeds by 
easy stages to Helper in the power 
plant, back to the shop for more ad- 
vanced training, to one or more of the 
units as Junior Mechanic, to the Utility 
Meters as Junior Mechanic, and finally 
to one of the unit groups as a shift 
mechanic. It will be understood that 
this schedule is not rigidly followed in 
every case, but is set up rather as a 
guiding principle and is altered to suit 
existing conditions. 

The shift men are not left on one 
unit indefinitely and allowed to get into 
a rut, but are moved from unit to unit 
and through the Steam and Power 
plant on a regular schedule. This serves 
to broaden their knowledge and experi- 











Fig. 5. Flowmeter Calibration Bench, showing the two air control 
valves in center foreground and manifolded manometers to rear. 


ence as each unit has some features not 
found on any of the other units. It also 
makes the entire group more flexible in 
case of emergencies. 

The theoretical side of instrumen- 
tation is also looked after by lecture 
periods held during the fall and winter 
months, at which the principles of meas- 
urement and control are explained. The 
nature of the various processes en- 
countered in the plant are described in 
considerable detail, and the importance 
of a knowledge of the process as well 
as of the instruments is stressed. 

Arrangements have been made with 
the local Collegiate to conduct night 
classes in physics, mechanics, chemis- 
try, electricity and mathematics during 
the winter months, and the men are en- 
couraged to attend these as refresher 
courses. During the past winter a 
course on elementary electronics, ar- 
ranged by the Westinghouse Company 
and entitled “Electronics at Work” was 
given. 

From time to time the foremen and 
senior mechanics are sent to the various 
training schools conducted by some of 
the instrument manufacturers. Senior 
men, rather than junior men, are sent 
to these schools as it is felt that they 
will be able to get more out of them 
and will be able to bring back more in- 
formation for the genera] good. 

A series of “Trade Tests” has been 
set up outlining what are believed to be 
the requirements of different grades of 
instrument mechanics, as applied to 
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the instrumentation problems in the 
plant. The tests range from Grade “D” 
which is the lowest through to Grade 
“A”, which is the highest. These tests 
are not compulsory, but are recom- 
mended to the mechanics. 

SPECIAL EQUIPMENT 

It is felt that some of the special de- 
vices developed or used by the Instru- 
ment Division might be of passing in- 
terest. 

The pressure gage test panel (see 
Fig. 3) has been set up to handle all 
the routine gage overhauls. It consists 
of a cylinder and piston similar to that 
of a dead weight tester, but connected 
to a manifolded series of laboratory 
test gages instead of to the weight plat- 
form. These gages cover the complete 
range of pressure gages encountered 
in the plant. The test gages are care- 
fully calibrated at regular intervals by 
the dead weight tester. This system is 
faster and simpler than the dead weight 
test, and prevents wear on the dead 
weight tester, which is preserved as a 
primary standard. 

A somewhat similar pressure testing 
device is shown in Fig. 4. The principle 
is the same, but this installation lends 
itself more readily to the calibration 
of pressure recorders, 

One of the shop installations for the 
calibration of differential instruments 
is shown in Fig. 5. Three manometers 
are manifolded together with the meter 
under test and connected through two 
specially-constructed valves to a sup- 
ply of compressed air. One of these is 
a three-way valve which allows the air 
to build up or bleed out as required. 
The second valve controls the rate of 
air flow, and may be adjusted so finely 
that there is no overshoot or “bounce” 
whatever in the manometer fluid. This 
is invaluable in checking for hysteresis, 

Part of the electrical section is 
shown in Fig. 6. In the foreground a 
cathode-ray oscillograph is being used 
to adjust the converter of an electronic 
amplifier unit. An electrical test panel 
can be seen in the background; this 
consists of (from top to bottom) a tube 
checker, emission type, a volt-ohm-mil- 
liameter, a free point checker and 
switches to connect the jacks into ap- 
propriate test circuits. 

One of the features of the newer 
part of the instrument shop is the use 
of individual work benches set at right 
angles to the wall, rather than long 

benches running along the walls. More 
work space is available, and different 
jobs are segregated. 

On the most critical flow measure- 
ments a system of dual orifices and dual 
meters has been installed. The instal- 
lations have been made to the most 
critical A.S.M.E. and A.G.A. specifica- 
tions, with the second orifice placed one 
hundred pipe diameters downstream 
of the first. The whole installation is so 
manifolded that either orifice may be 
removed for examination without shut- 
ting off the flow through the other one. 
If the flow through the line varies wide- 
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Fig. 6. Electrical Test Bench showing the Cathode-ray Oscillograph set up for checking 
converter in the foreground and in the background a test panel which contains (from top 
to bottom) a tube checker, emission type, a Volt-Ohm-Milliameter), a free point checker, 
and a row of switches to connect the jacks into appropriate circuits. 


ly two, or even three, meters may be 
manifolded into each orifice; these 
meters will have different range tubes 
so that there is always a duplicate flow 
record between 5 and 8 on a square- 
root chart. By strict attention to prop- 
er installation and maintenance, it is 
possible to make the meters on any 
given line agree among themselves to 
within 0.2%. Any disagreement of 
greater than 1% in either direction is 
cause for concern and the reason for the 
disagreement is found and steps taken 
to correct it. 

An automatic proportional sampler 
has been developed which automatically 
collects a small sample of a liquid flow- 
ing in a line at a rate proportional to 
the rate at which the line fluid is flow- 
ing. This is done, in brief, as follows: 
the output air from a remote flow trans- 
mitter, whose drifice is located in the 
process line being sampled, is fed to the 
diaphragm motor taken from a control 
valve. This diaphragm motor is con- 
nected to the adjustment rod of a Bosch 
pump and regulates the discharge of 
the pump in proportion to the flow. The 
pump removes a seal fluid from a sam- 
ple bomb connected to the process line 
and the line fluid replaces the seal fluid 
in the bomb by its own flowing pres- 
sure. This gives a sample of about 
three gallons in forty-eight hours from 
a line carrying fluid at a rate of ap- 
proximately 525 gph. 


CONCLUSION 


In conclusion it might be pointed out 
the principal, but not necessarily 








unique, features of Polymer Corpora 
tion’s Instrument Division are its o1 
ganization into comparatively small, 
compact, but highly flexible groups of 
instrument mechanics, the location | 
Instrument Division within the Produc 
tion Control Department, the emphasis 
placed on knowledge of the process and 
complete codperation with operating 
and technical personnel, the organiza 
tion of “preventive” maintenance, and 
the continuous training program being 
conducted. These features have been in 
calculable in helping the group of com- 
paratively green men service the (ap- 
proximately) 2800 instruments, 1500 
pressure gages and 600 thermocouples, 
with an installed value of some $1,200.- 
000, which are entrusted to the division 
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thanks and appreciation to the man- 
agement of St. Clair Processing and 
Polymer Corporations who conceived 
and set up the present organization, 
and who have been themselves the 
finest example of the codperation 
stressed above; to Mr. J. N. Franklin, 
first Instrument Engineer of St. Clair 
Processing Corporation; to the late Mr. 
J. C. Tighe for his invaluable work in 
conducting the original training pro- 
gram and assistance during the start- 
up period; to Mr. W. C. Ludi of the 
Standard Oil Development Company, 
who very materially helped during the 
difficult start-up; finally and especially 
to all the men of the Instrument Divi- 
sion without whose continued cheerfu! 
codperation in the operation of the divi 
sion all else would be ag nought. 
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Design of Instrument Air Supply Systems for a 


Process Industry 


By W. C. LUDI, Standard Oil Development Co., Elizabeth, N. J. 


INTRODUCTION 
N the design of any utility system 
| for a process industry, certain fun- 
damental principles are involved and 
carefully followed to provide an ade- 
quate and continuous supply of the util- 
ity, thereby assuring continuity of 
rocess operation and maintenance of 
product quality. Considerable study is 
therefore given in the process designs 
of a new operation to the utility re- 
quirements such as fuel, steam, power, 
cooling water and compressed air. Of 
equal importance to these utilities is the 
compressed air for the pneumatically- 
actuated process control instruments on 
whose successful performance depends 
the satisfactory operation of the process 
unit as a whole. This paper will deal 
with the design of the instrument air 
supply system and will attempt to out- 
line the principal points to be con- 
sidered in such a system to insure 
optimum efficiency of the control in- 
struments. 


FUNDAMENTAL REQUIREMENTS 


For the successful operation of any 
pneumatic control system, compressed 
air having definite characteristics and 
qualities is required. The fundamental 
requirements are: reliability of supply, 
constant pressure, cleanliness and dry- 
ness. Most instrument air supply sys- 
tems meet part of the requirements 


only. 


Reliability of Air Supply and Con- 
stancy of Pressure.—The supply should 
be reliable, dependable and at a con- 
stant pressure for twenty-four hours a 
day, seven days a week. Otherwise 
many instrument failures will occur be- 
cause of lack of actuating air. The ac- 
tuating air supply may fail for only a 
very short time yet cause a process unit 
to be upset for a relatively long period. 
This usually has a serious effect on the 
products and frequently makes it nec- 
essary to reject the products during 
this period of upset. To have a source 
meet the requirement of reliability, it 
is desirable to have certain auxiliary 
equipment cut-in automatically when a 
condition of either partial or total fail- 
ure of the normal supply occurs. Much 
consideration must be given to this 
point to assure that all possibilities of 
failure are engineered out of the sys- 
tem in the simplest and most positive 
manner, 
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In most large processing plants, the 
general yard air system appears at first 
glance to be a good source of supply. 
The air is usually available throughout 
the entire plant at reasonable pressures, 
at all hours, and might be assumed, 
therefore, that this air supply meets the 
requirements of reliability and constant 
pressure. However, this is not entirely 
true. The general yard air system being 
used for many purposes, such demands 
frequently result in reduced pressures 
at various points in the system. Exam- 
ples are blowing out of lines, operation 
of all types of air tools, pressure test- 
ing of lines and vessels, and many other 
sundry uses. Assume that the air is be- 
ing used to blow out a long line filled 
with caustic and that this operation 
might require thirty minutes. This is 
what can happen: The valve on the air 
line is opened into the caustic line and 
since some time is required, the oper- 
ator will leave to perform some other 
functions. At the end of thirty minutes, 
the line will have been blown clear, and 
since no one is at hand to shut the 
valve, the air can blow free and to the 
full capacity of the line, causing a drop 
in pressure. Cases have been noted in 
such operations where the supply pres- 
sure has dropped to but a few pounds. 
Again, assume that air tools are being 
used and that pressure testing is also 
being carried out: these intermittent 
operations may cause severe pressure 


‘fluctuations that can drop the supply 


pressure to a point at which instru- 
ments will not operate satisfactorily. As 
a typical example where all three of the 
preceding operations were being carried 
cut simultaneously, the supply pressure 
dropped from a normal 100 Ibs./in.2 to 
20 lbs./in.? throughout the entire sys- 
tem. The demand on the system was 
such that the pressure was not restored 
to a satisfactory level for instrument 
operation (25-30 lbs.) for some time. As 
a result, instruments throughout the 
plant were controlling erratically and 
the operation was unsatisfactory. 


Cleaniiness.—-In practice there are 
two types of contaminating materials 
which must be removed and kept out of 
the system to insure continuous trouble- 
free instrument operation, namely, oil 
and solid matter. The solid matter may 
be classified as dust, dirt and scale. 
These contaminants must be eliminated 
to assure delivery of clean air to the 
controller mechanism. As we all know, 
solid matter may completely plug noz- 
zles, restrictions and pilot valves, re- 
sulting in complete controller failure. 
Oil can have as bad an effect as solid 
matter, as the oil often oxidizes and 
gums up the moving parts, resulting in 


erratic and unsatisfactory controller 
action. 

A case comes to mind where a con- 
troller mechanism was dripping with oil 
which had been carried into it by the 
actuating medium. Investigation dis- 
closed that an excessive amount of oil 
was being fed to the compressor to per- 
mit the oil to be carried into the air 
stream to assist in the lubrication of air 
tools. This excessive amount of oil 
caused a great deal of gum formation 
in the pilot valve and nozzles, requiring 
frequent cleaning of the controller 
mechanism. 

Another instance was observed where 
the general yard air system was being 
used for the instrument air supply, and 
it was necessary to blow out a caustic 
line. Pressure in’ the caustic line was 
higher than in the air line, and when 
the air valve was opened, caustic 
backed into the air distribution system. 
Check valves had been provided, but 
they did not hold and caustic flowed 
into the air lines, thence into the instru- 
ments, severely corroding the controller 
mechanism and resulting in complete 
controller failure. Service interruptions 
and high maintenance costs were ex- 
perienced until this caustic was com- 
pletely eliminated from the air system 


Dryness.—Moisture is present in all 
compressed air and will be a constant 
source of trouble if not adequately re- 
moved. In some systems, aftercoolers 
are provided to remove some of the 
moisture, but in most cases they are 
inadequate. 

Air at atmospheric conditions con- 
tains water vapor in varying quantities, 
the amount depending on specific at- 
mospheric conditions. Air that is far 
from saturated under normal conditions, 
when compressed to a small volume and 
cooled to its original temperature, will 
precipitate moisture because the satur- 
ation point or dew point is raised by the 
reduction in total volume. During com- 
pression the temperature is raised and 
consequently the moisture may not con- 
dense out. As the air travels from the 
compressor to the point of use, it is 
cooled to the ambient temperature, thus 
reducing its moisture-carrying capacity 
and causing some of the water vapor to 
be condensed and to settle in the receiv- 
er, piping, tubing and instruments. 

Moisture will have various ill effects, 
all of which will cause unreliable instru- 
ment performance and interruption of 
service. Some of the chief effects are as 
follows: 


(a) Freezing of the water where low tem- 
perature is encountered, causing loss of air 
supply to a single control mechanism, a 
group of control mechanisms or an entire 
area. 

(b) Corrosion of piping and connections, 
causing rust scale, dirt and dust. 
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(c) Condensed water vapor and any en- 
trained oil in the air can become emulsified, 
resulting in fouling of the control mech- 
anism, 


An example of what can happen to 
control systems when instrument air is 
improperly dried may be cited: A plant 
was visited where the control equipment 
had been giving poor results, mostly 
during the night and early morning. 
After considerable observation during 
these periods of upset, it was discovered 
that quantities of water caused by the 
low temperatures existing during these 
hours were getting into the control 
mechanism. In one particular instru- 
ment which was at the end of the air 
line, water was squirting from the pilot 
valve and nozzle at frequent intervals. 
Examination showed approximately two 
inches of water in the bottom of the in- 
strument case, 


When such conditions prevail, it is 
impossible to get the most out of control 
equipment and to have continued satis- 
factory operation. The effect on the op- 
erating personnel’s morale is bad, and 
confidence in the control equipment is 
lost, with the result that for the slight- 
est reason — whether the instruments 
are performing properly or not—hand 
control is quickly resorted to. When con- 
trol equipment is put on hand control, 
frequently more operating personnel 
and instrument technicians are required, 
increasing operating cost unnecessarily. 
Many factors are involved when eco- 
nomically justifying an expenditure of 
money to properly condition the instru- 
ment air. To date, no comparative cost 
figures are available on instrument 
maintenance with an air system meeting 
the above requirements and one which 
does not. Also, no figures are available 
as to the portion of the costs due to 
product rejection and reduced plant 
capacity which might be chargeable to 
instrument failure. It is believed that if 
these figures were available, they would 
prove that the installation of a good in- 
strument air supply system would pay a 
handsome return on the investment. 
This is emphasized by the fact that 
many oil refineries now have systems 
including all portions recommended and 
some refineries have such programs in- 
cluded in their future construction. 


Types OF INSTRUMENT AIR SYSTEMS 


The following are some of the types 
of air systems which may be used and 
will meet the principal requirements. 


1. A central system entirely isolated for 
instrument actuation only. This system re- 
quires a compressor and necessary standby 
equipment, aftercooler, separator, air re- 
ceiver, drying equipment and distribution 
system. 


2. Using the general yard air compres- 
sors when they are reliable but giving in- 
struments preference over all other users, 
Instrument air for this system is taken at 
the air receivers before it enters the general 
yard air distribution system. This requires 
control equipment at the receiver to insure 
that the instrument system has preference 
over all other users, an aftercooler if none 
is used between the compressors and air 
receiver, a separator, drying equipment and 
distribution system. 
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3. Using the general yard air compressors 
when they are reliable and the general yard 
air distribution system, but installing neces- 
sary auxiliary equipment within each proc- 
ess unit or area to assure a uniform pres- 
sure. This requires a small auxiliary air 
compressor at each process unit or area to 
cut in automatically when the yard pres- 
sure drops below safe operating pressure. 
Also required at each take-off from the yard 
system are an aftercooler, separator, re- 
ceiver and drying equipment. 

4. Individual air system at each process 
unit or area, This requires equipment essen- 
tially the sume as that described under 
Paragraph 1, but on a much smaller scale, 
This system has the drawback that when 
small compressors and auxiliaries are used, 
it is difficult to obtain machines to give long 
life and minimum carry-over of oil. 
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Many other systems can be devised 
which will probably meet the principal 
requirements, but the four outlined 
cover the main variations. It is believed 
that the isolated system complete with- 
in itself as described in Paragraph 1 
will insure the best compressed air for 
instrument actuation and allow control 
equipment to operate free of actuating 
medium problems. 


DESIGN OF AN INSTRUMENT AIR 
SuPPLY SYSTEM 


Assume that an instrument air sup- 
ply system is required for a plant hav- 
tral system, isolated for instrument ac- 
ing eight process areas and that a cen- 
tuation only, will be used. Before such 
a system can be designed, the following 
information is required: (a) pressure 
desired at the process areas; (b) air re- 
quirements in standard cubic feet per 
minute; (c) maximum and minimum 
atmospheric and cooling-water tempera- 
tures. 


Pressure Requirements. — Most in- 
struments require an air supply at ap- 
proximately 20 lbs./in.?, with a few ex- 
ceptions. With a reducing valve preced- 
ing the instrument, some pressure drop 
must be allowed for its operation, and 
most such reducing valves perform sat- 
isfactorily with a 5-lb. pressure drop. 
On this basis, pressure at the process 
area should be a minimum of 25 Ibs./ 
in.2. Experience has indicated that lee- 
way must be allowed in the systme for 
flexibility; hence a 35-lb. supply pres- 
sure at the process area appears to be 
satisfactory for most all conditions. Ap- 
proximately 45 lbs. is required at the 
central station, which allows for a 10-lb. 
pressure drop through the drier and dis- 
tribution system. 











Instrument Air Consumption. - Air 
consumed by an instrument is a much. 
discussed point; and widely-varyin, fig- 
ures are quoted. To clarify this point 
Figs. 1, 2 and 3 are given, which shoy 
actual instrument air consumption ree. 
ords of process units. Fig. 1 was taken 
from a plant in which the majority of 
the instruments have the non-b|eed 
pilots. It will be noted that the norma] 
total flow on the chart is 3.4, and the 
maximum flow is 4.6, which occurred 
during a general plant upset. Ninety- 
one consuming mechanisms (pilots) 
were included in this plant, making the 
normal consumption 0.35 standard cubic 





feet per minute per pilot, and maximum 
consumption 0.44 scfm. per pilot. Fig. 2 
was taken from a plant in which all the 
instruments have bleed type pilots. In 
this case, the air is consumed at a con- 
stant rate. The total number of consum- 
ing pilots in this plant is 90, and con- 
sumption per pilot is 0.46 scfm. Fig. 3 
is similar to Fig. 1 in that the majority 
of instruments have non-bleed pilots, 
and here again the air consumption per 
pilot varies between 0.32 and 0.45 scfm. 
When non-bleed pilots are used, the air 
rate varies considerably, but to design 
an air system the maximum air require- 
ment must be available during an upset 
condition, and therefore it is necessary 
to design for this condition, A review 
of these data indicates that 0.5 scfm. 
per pilot is a good figure to be used as 
the rate of consumption of each con- 
sumer regardless of pilot type. 

A tabulation of typical consumers 
within a single process area is given in 
Table I, Each type of consumer is 
weighted in order to arrive at a com- 
mon basis. The weighting factor is 
based on the type and number of pilots, 
since some types of pilots use more air 
than others. 


Table II is a tabulation of the air 
requirements for a complete plant, 
showing a total air requirement of 267 
standard cubic feet per minute. To this 
figure a factor of at least 15 to 20% 
must be added to take care of leaks, 
blow-down and future instrument addi- 
tions. In deciding on the magnitude of 
this factor, consideration should be 
given to future expansion, stability of 
process relative to future redesign, etc. 
Based on this tabulation and allowing 











| 





esn8oer> 





nie? aide 











for future instrument additions, the 
air supply system should be designed 
for 310 standard cubic feet per minute. 

Temperatures Encountered—In order 
to avoid deposition of moisture in the 
air supply system, the air should be 
dried to a dew point of 5 to 10°F. be- 
low the ambient temperature before it 


TABLE I 





Weight Equiv’t 


Type of Instrument Number factor users 


Remote (air transmission type) 





recorders 1 14 

Remote (air transmission type) 
controllers 17 2 84 
Mechanical (local) controllers 9 1 9 
Temperature controllers 5 1 5 
Temperature controllers 1 2 2 
Valve positioners 10 2 20 
Pilot-operated regu'ators 2 1 2 
Miscellaneous users 4 1 4 
Total Users 90 


Some temperature controllers have been given a factor 
of 2 because of the number of pilots in their control 
mechanism. Experience and tests have also indicated valve 
positioners to be large consumers, and the condition of 
the valve can also seriously affect the consumption rate, 











For these reasons, positioners also have been given a 
factor of 2. 
TABLE II 
Air req’d 
Process No. control No. Pilots per unit 
area instruments _or users std cfm. 
A 52 70 85 
B 58 90 45 
Cc 48 78 39 
D 76 112 56 
zg 22 82 16 
F 12 16 8 
G 96 136 68 
Total air required 267 
Add 15% for leaks and 
future instruments 40 
307 


Design the system for 310 scfm. 





enters the distribution system. For de- 
sign purposes, in the example being 
considered, the maximum and mini- 
mum temperature encountered are 95 
to 50°F. summer conditions, and 0°F. 
minimum in winter. Cooling water 
temperatures vary from 75 to 35°F. 


EQUIPMENT REQUIRED 


Fig. 4 is a line diagram for an iso- 
lated instrument air actuation system, 
showing all the pertinent equipment re- 
quired such as compressors, aftercool- 
er, separator, receiver and drier. For 
the design conditions of the case under 
discussion, the following specific com- 
ments on equipment choice are given. 

Compressors.—Two air compressors 
should be provided, each having a min- 
imum actual free air capacity of 310 
cfm. at 45-55 Ibs./in.2 discharge pres- 
sure. If steam and power balance per- 
mits, one compressor should be motor- 
driven for normal operation, and one 
should be steam-turbine-driven for 
stand-by service. These machines should 
be of the heavy-duty continuous-service 
slow-speed type, shown to give minimum 
maintenance and maximum trouble-free 
service. Cylinders should have force- 
feed lubrication with means of adjust- 
ing the lubricating oil feed rate. Splash 
lubrication of the cylinders should be 
avoided in order to minimize oil en- 
trainment. The suction side of the 
compressors should be provided with 


a dry type filter for removing atmos- 
pheric dust and dirt. A pressure un- 
loading system should be provided to 
maintain the output pressure between 
45 and 55 lbs./in.2. 


The stand-by compressor should be 
arranged to start automatically when- 
ever the discharge pressure drops be- 
low 40 lbs./in.*, or in the event of 
failure of the motor-driven unit. Ob- 
viously, if there were no steam-turbine- 
driven stand-by, power failure would 
leave the plant without any air supply. 
The turbine governor of the steam 
driver should be suitable to control the 
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speed of the turbine under all normal 
operating conditions in order to elim- 
inate any possibility of having the 
emergency overspeed trip shut down 
the turbine when the compressor un- 
loads. 

The compressor suction should be 
located at a point outside the building, 
so that atmospheric contamination due 
to local conditions will be kept at a 
minimum. 

Aftercooler, Separator and Receiver. 
—To cool the air and remove as much 
moisture and oil as possible by simple 
means, an aftercooler (with integral 
separator) and a receiver should be 
provided at the discharge of the com- 
pressors, arranged so that it will serve 
either compressor. An automatic con- 
densate trap should be supplied to 
eliminate separated moisture and oil 
from the aftercooler and receiyer. The 
aftercoolers are normally sized to cool 
the air within 15°F. of the inlet water 
temperature. The air receiver is nor- 
mally sized to have a capacity equal 
to the compressor output for at least 
one to one and one-half minutes oper- 
ation. As an example, for 310 scfm. 
output and a discharge pressure of 45- 
55 Ibs./in.2, the receiver should have 
a volume of 67 to 100 cubic feet. 

Driers. — Two principal methods of 
moisture removal from compressed air 
may be used, namely, (1) cooling, and 
(2) absorptive drying. 

The cooling method alone can be used 
in locations where it is possible to cool 
the air 10°F. or more below ambient 
without having the cooling medium be- 
low 35°F. When cooling is the only 
means of drying, such cooling should be 
done before the receiver. It should be 
noted that even when absorptive drying 


is used, the aftercooler itself, is, in ef- 
fect, a partial drier and serves to re- 
duce the load on any subsequent dry- 
ing apparatus. 

For the typical case under discussion 
(310 scfm.), the ambient temperatures 
are such that the cooling method can- 
not be used alone; therefore, the ab- 
sorptive drier must be added. An ab- 
sorptive type drier should be provided 
through which the air shall pass be- 
fore entering the distribution system. 
This unit shall be designed for the 
capacity of one compressor with air 
entering at 55 Ibs./in.? saturated with 
water vapor at 90°F. for the summer 
condition and 50°F. for the winter con- 
dition, and shall be capable of maintain- 
ing a dew point of 40°F. for summer 
conditions and —10°F. for winter condi- 
tions at the outlet. The drying unit 
should be of the dual tower type for 
eighft-hour drying cycle design for 
semi-automatic operation. The dryer 
should be water-cooled and designed for 
either steam or electric reactivation. 

It is interesting to note that these 
driers, when designed for summer con- 
ditions, will be amply large for the 
winter conditions. The duty require- 
ments are not as severe at low tem- 
peratures as at elevated temperatures. 
Driers for such a system may be pur- 
chased complete with all reactivating 
equipment. 

To summarize, operating experience 
has indicated the desirability of pro- 
viding separate air facilities for the 
actuation of pneumatically - operated 
control equipment. Such a system, when 
properly designed, provides air at a 
constant pressure in adequate amounts 
to insure continuous and uninterrupted 
operation of all process equipment. It 
provides properly-cleaned and moist- 
ure-free air so that instrument diffi- 
culties are minimized. 

It is firmly believed that where such 
a reasonable expenditure assures trou- 
ble-free operation of air-actuated in- 
struments, the tangible return in re- 
duced off-quality product will justify 
the necessary investment. Aside from 
this return is the intangible factor of 
faith of the operating personne] in the 
ability of control instruments to per- 
form their functions within the process 
unit. When this faith is lost the invest- 
ment represented by the idle instru- 
ments (which in some cases may be 
substantial) is also lost. The general 
all-around importance of instruments 
is slowly being realized, and for them 
to maintain their position in importance 
it is essential that all care be taken to 
allow them to operate with the best 
possible efficiency. 

Many oil refineries have installed 
trial installations including al! portions 
of the system recommended. These re- 
fineries, having satisfied themselves as 
to the economics from the results of 
these trial installations, have included 
such systems in their recent construc- 
tion programs and some companies are 
committed to it for all future work. 
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On the Relation of Instrumentation to Quality Control] 


By COLONEL LESLIE E. SIMON, Ord. Dept., U.S.A. Ballistic Research Laboratories, Aberdeen Proving Ground, \\q. 


scientific work it is often with meas- 

urements that our knowledge of new 
things begins; in business and manu- 
facture almost all of our relations de- 
pend upon measurements. Yet many 
persons never pause to consider that 
all measurements are approximate only. 
The degree of approximation can be 
made as small as one chooses, if one 
is willing to pay the price. Hence, pre- 
cision of measurement is an economic 
matter. 

Kinds of Errors. There are three pri- 
mary sources of error or variations in 
measurement: (a) errors of the oper- 
ator, (b) errors of the instrument, and 
(c) variation in the product which is 
being measured. Thus it is obvious that 
no intelligent consideration of precision 
of measurement or of cost of measure- 
ment is possible without a considera- 
tion of the precision of the instrument. 
Furthermore, in considering the varia- 
tions which arise from each of the 
three sources one must make a distinc- 
tion between two kinds of errors: acci- 
dental or random errors, and systematic 
or constant errors. 

Precision refers to the deviation of a 
measurement from similar measure- 
ments and is associated with mere re- 
producibility; i.e., the measurement is 
precise if upon repetition the individ- 
ual measurements taken on a single 
characteristic cluster closely together. 
If the variability is small then the 
measurement is precise but not neces- 
sarily accurate. Accuracy refers to the 
deviation of the measurement from the 
true value. Accuracy requires both cor- 
rectness of calibration and precision. 

In the following sketches, let # be the 
true value, Z the level of the measuring 
instrument, and let L;-Le represent the 
interval of dispersion in measurements 
for the instruments A, B, and C. It is 
assumed that the interval L1-Le for 
each instrument is based on a very 
large number of measurements. 
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For a single measurement, instru- 
ment A is more precise than instrument 


Presented at the first Annual Conference 
of the Instrument Society of America, Wil- 
liam Penn Hotel, Pittsburgh, Penna., Sept. 
16-20, 1946. 

Norte: Statements and opinions advanced 
in papers are to be understood as individual 
expressions of their authors and not those of 
the Society. 
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B but is a priori less accurate because 
of its error in calibration. On the other 
hand, instrument C is calibrated cor- 
rectly but is neither as accurate nor as 
precise as instruments A and B since 
the range in measurements of C more 
than covers the corresponding ranges 
of A or B. However, the average of a 
large number of measurements from in- 
strument C will be more accurate than 
a similar average from either A or B. 

An Example Illustrating the Compo- 
nents of the Three Sources of Error. 
The three sources of errors are each 
associated with accidental and syste- 
matic errors. At the risk of being trite 

I should like to illustrate these six 
kinds of variations by a homely exam- 
ple, the use of a yardstick by a clerk 
in a store selling yard goods. 

A first consideration is errors of the 
operator. The clerk undoubtedly makes 
random errors, dependent upon how he 
pinches the cloth, how much he is dis- 
tracted by a pretty face, or perhaps on 
the proximity of lunch time. The pro- 
prietor and the public hope that these 
errors will be compensating. Also the 
clerk may make systematic errors (bias 
of the operator) especially if he is mo- 
tivated by the same influence which 
causes the butcher to repeatedly weigh 
his thumb while the unwary customer 
watches the dial of the instrument in- 
stead of the operator. Purchasers gen- 
erally accept these hazards as an in- 
evitable consequence of the venality of 
mankind. 

Second, there are errors of the in- 
strument. A cheap yardstick is almost 
certain to possess a systematic error 
of several hundredths of an inch, even 
when new; but what is this error com- 
pared to the stretch of the cloth? Cer- 
tainly we are not going to specify that 
the cloth shall be measured while sus- 
pended horizontally under a tension of 
x pounds, at an ambient temperature 
of y degrees and a relative humidity of 
z percent. In like manner, the stretch 
varies randomly as a function of the 
temperature, humidity and other pa- 
rameters. 

Third, there is variability in the prod- 
uct. The cloth varies systematically 
with changes in the manufacturing 
process, kind of cloth, and age; and 
varies randomly with short-term vari- 
ations in the weaving and with the 
weather. 

It is evident that the customer gets 
only approximately the length of the 
cloth for which he asks. However, it 
would not be economical to go to con- 
siderable expense to insure greater ac- 
curacy or precision; and it appears 
that the yardstick is not an uneconom- 
ical instrument for small vendors, al- 
though many large stores have appar- 
ently considered it economical to change 
over to cloth-measuring machines. 








Action to Reduce Errors. Severa| 
types of action may be taken to reduce 
errors of variability and certain laws 
can lead us to swift and intelligent co, 
rective action. (1) Errors of the opera- 
tor are generally reduced by carefy| 
selection of operators, by repetition of 
measurement and taking the average, o; 
by instrument design, e.g. making the 
least count of the instrument sufficiently 
small while at the same time requiring 
a reading scale which is not easily mis- 
taken. (2) Systematic errors of the in- 
strument are reduced by calibration. In 
this connection, it is desired to point out 
clearly that systematic errors of meas- 
urement may vary from day to day, and 
from experiment to experiment, and thus 
fall naturally into the realm of statis- 
tical methods of quality control. Hence, 
calibration is generally a_ statistical 
problem and should be treated accord- 
ingly. Accidental errors of the instruv- 
ment are reduced by good instrument 
design, fine workmanship, and proper 
operation. (3) Variation in the product 
requires no action, unless the measure- 
ment is being made in connection with 
control of quality of the product in the 
process of production: we merely ob- 
serve the variation and take appropri- 
ate action such as rejection of the 
product or appropriate grading of the 
product. 

Accumulation of Errors. The total 
systematic error of a system is the al- 
gebraic sum of the systematic errors. 
The total accidental error or random 
error of a system is the square root of 
the sum of the squares of the random 
errors. Accidental error or variation is 
generally expressed as the standard 
deviation, i.e..the root-mean-square-de- 
viation. The practical importance of 
these considerations can be best seen 
from a few illustrations. 

An Unusual Calibration for Systema- 
tic Error. One of the principal products 
of Aberdeen Proving Ground is meas- 
urements. If measurements are poor, a 
good product may be rejected because 
of error in measurement rather than 
variability in the product. In like man- 
ner a poor product may be accepted be- 
cause the measurement is poor. More- 
over, measurements should not be too 
costly. Consequently, a great deal of 
attention must be paid not only to pre- 
cision and accuracy of measurement 
but also to economy of measurement. 
The selection of proper instrumenta- 
tion and careful calibration are of para- 
mount importance. 

One of the more common measure- 
ments made in the acceptance testing 
of complete rounds of ammunition is 
the measurement of the velocity of the 
projectile when it is fired from a stand- 
ard gun. The velocity of a projectile 
is measured by finding the time re- 
quired for the round of ammunition to 
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traverse a fixed distance between two 
“gereens” placed at appropriate dis- 
tances in front of the gun muzzle. Al- 
though the distance between screens 
is measured accurately and we have 
timing standards with a fundamental 
frequency of 100,000 cycles per second, 
we find that in firing samples from a 
single homogeneous lot of ammunition 
we are not always able to reproduce 
within chance limits the same level of 
velocity on different days. That is, on 
one day we obtain an average velocity 
of 1020 fps., whereas using the same 
measuring set-up on another day we 
may obtain an average velocity of 1028 
fps. and the difference of 8 fps. cannot 
be reconciled. This variation in level 
of the measuring set-up from day to 
day is due to many different factors 
and generally speaking it would be very 
time-consuming and uneconomical to 
attempt to eliminate such differences 
from our instrumentation, At any rate, 
the variation in muzzle velocity from a 
prescribed level on a particular day is 
referred to as “the error of the day” 
which is none other than a systematic 
error due to the measuring set-up. We 
handle the problem by estimating ac- 
curately and taking cognizance of the 
“error of the day” in a particular prob- 
lem. The method of effecting such an 
instrumental calibration is an interest- 
ing statistical problem that has been 
discussed elsewhere.* 

Product Variations. Random and sys- 
tematic variations in the product or 
item we are measuring are of a similar 
nature to those in instrumentation. For 
example, consider piece parts being 
turned out by an automatic screw ma- 
chine for a given fixed setting of the 
machine. I believe we all realize that 
the parts produced during a given 
period of time would vary in some par- 
ticular dimension owing to non-homo- 
geneity of raw materials, cutting-tool 
wear, temperature, and inherent varia- 
tions in the moving parts of the auto- 
matic screw machine itself. The amount 
of variability among the individual 
piece parts for some particular dimen- 
sion when expressed as a measure of 
dispersion (such as the standard devi- 
ation) gives the random variation in 
the product. On the other hand, the au- 
tomatic screw machine may not have 
been set accurately to begin with; 
hence, the average dimension of the 
parts being turned out by the machine 
may differ systematically from the pre- 
scribed dimension. The deviation of the 
average dimension from the desired 
value is an example of systematic error 
in the product which can be easily iden- 
tified and measured by the Shewhart 
control chart.** 


Importance of Instrument Calibra- 
*L. E. Simon, Application of Statistical 
Methods to Ordnance Engineering, Journal 
of the American Statistical Association, 
Sept. 1942. 

**American War Standards, Control Chart 
Method of Controlling Quality During Pro- 
duction, 21.8, 1942, Amer. Standards Assn., 
New York, N. Y. 


tion. Recapitulating somewhat, we say 
that random variations of the measur- 
ing instrument may be determined by 
carrying out repeated measurements 
on the same dimension and that the sys- 
tematic error of a measuring instru- 
ment is actually the deviation from the 
absolute or true value of the dimension. 
It is to be noted here that actually the 
deviation from an absolute value is in 
practice a relative thing and is taken 
as the comparative difference between 
the level of the measuring instrument 
and some standard agreed to by all par- 
ties concerned.} Systematic error of the 
measuring instrument may be deter- 
mined, of course, by statistical calibra- 
tion with an accepted standard. Random 
variation in the product is a measure 
of the variability among the individual 
items produced and systematic error is 
the deviation in the true average of the 
product from a desired value, In this con- 
nection, systematic error of the prod- 
uct can be measured only when the sys- 
tematic error of the measuring instru- 
ment is known and the systematic 
error of the instrument is known only 
when a standard is agreed upon. Thus, 
we see the importance of proper cali- 
bration of measuring instruments 
against an accepted standard, includ- 
ing estimates of both the random and 
systematic errors of instruments. 

Owing to inherent changes in meas- 
uring instruments from time to time, 
calibrations must be of a continuous 
character. In manufacturing plants 
where a large number of measuring in- 
struments are required and where high 
precision is needed, a procedure should 
be established whereby instruments are 
calibrated and the random and system- 
atic errors are indicated on the instru- 
ment. A calibration system gives the 
manufacturer important and valuable 
information. A knowledge of precision 
and accuracy of instruments is just as 
important as a knowledge of precision 
and accuracy of machines in determin- 
ing whether or not a given product can 
be made properly and economically. 


Relation of Instrumental Variation 
to Product Variation. An important 
point in the selection of instruments 
and in the design of a system of instru- 
mentation is the relation between the 
random error of the measuring instru- 
ment and the random fluctuations in the 
product under measurement. In this 
connection, one would not like to at- 
tempt to measure variations in a prod- 
uct whose standard deviation is, say, 
0.001” with an instrument which pos- 
sesses a random error equal to 0.01”. 
Moreover, as far as economical man- 
ufacture of a measuring instrument 
is concerned, it would not be advisable 
to design an instrument (for the above 





tIn the interests of brevity and simplicity 
the concepts of accuracy and precision are 
treated in an approximate and elementary 
way. For a scientific discussion the reader is 
referred to Chapter IV, Statistical Method 
from the Viewpoint of Quality Control, Shew- 
hart, the Grad. Sch., D.A., Wash., D. C., 
1939. 


example) which would have a random 
error of measurement equal to say 
0.00001” as the cost of the instrument 
would probably be prohibitive and such 
precision is not warranted. 

At the Ballistic Research Laboratory, 
a great deal has been done to determine 
separately the random variations in the 
measured product and random varia- 
tions in the measuring instrument 
itself. The separation is necessary in 
judging the reliability of instruments 
and in acquiring appropriate design 
data for products. The analytical proc- 
ess of separating sources of variation 
is not entirely simple, but the proced- 
ure can be shown easily by an example. 

Analytical Separation of Sources of 
Variation. In Table I there are listed 
the individual fuze burning times as 
measured by each of three observers on 
30 rounds of ammunition which were 
fired from a gun. The powder train 
fuzes were all set for a burning time 
of 10 seconds. 


TABLE I 
Fuze Burning Times (seconds) Mean Times 
(seconds) 
—_—_—_——— (hservers ————— 
A B Cc 
10.10 10.07 10.07 10.080 
9.98 9.90 9.90 9,997 
9,89 9.85 9.86 9.867 
9.79 9.71 9.70 9.733 
9.67 9.65 9.65 9.657 
9.89 9.83 9.83 850 
9,82 9.75 9.79 9.787 
9.59 9.56 9.59 9.580 
9.76 9.68 9.72 9.720 
9,93 9.89 9.92 9.913 
9 #2 9.61 9.64 9.623 
10.24 10.23 10.24 10.237 
r&4 Y.R83 ORG 1848 
9.62 9.58 9.63 9.610 
9.60 9.60 9.65 1.617 
9.74 9.73 9.74 9.737 
10.32 10.32 10.34 10.327 
9.86 9.86 9.86 9.860 
10.01 lost 10.03 10.020 
9.65 9.64 9.65 9.647 
9.50 9.49 9.50 9.497 
9.56 9.56 9.55 9.557 
9.54 9.53 9.54 AST 
9,89 9.89 9.88 ). 887 
9.53 9.52 9.51 1.520 
9.52 9.52 9.53 9.423 
9.44 9.43 9.45 9.440 
9.67 9.67 9.67 1.670 
9.77 9.76 9.78 9.770 
9.86 9.84 9.86 9.853 


The burning time of a fuze is defined 
as the interval of time which elapses 
from the instant the projectile leaves 
the gun muzzle until the fuze functions 
the projectile in air. The times referred 
to in Table I are measured by means 
of electric clocks. A switch on the gun 
muzzle starts three different electric 
clocks as the gun is fired and each ob- 
server stops his clock the instant he 
sees the flash or burst of an individual 
round. Each timer, of course, stops his 
clock independently of the other two 
timers. In Table I is given also the 
mean time of the three observers on in- 
dividual rounds. The average time-to- 
burst of the 30 fuzes is taken as the 
average of the 30 mean times with the 
effect of reaction time (which is known 
accurately) subtracted therefrom. Our 
problem is to determine whether the 
electric clock is a satisfactory instru- 
ment for this purpose, provided the 
electric clocks are properly calibrated 
with regard to average time so that the 
systematic error of measurement may 
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be reconciled. We answer this question 
by comparing the random error of 
measurement with the random error of 
burning times of the fuzes. 

In Table II there are given the alge- 
braic differences between times of the 
three observers A, B, and C on each 
round. 











TABLE II 
Difference Between Observers’ Times 
(seconds) 

A-B B-C A-C 
+0.03 0 +0.03 
+0.08 0 +0.08 

0.04 —0.01 +0.03 
0.08 +0.01 +0.09 
0.02 0 +0.02 
0.06 0 +0.06 
0.07 —0.04 +0.03 
0.03 —0.03 0 
0.08 —0.04 +0 04 
0.04 —0.03 +0.01 
0.01 —0.03 —0.02 
0.01 —0.01 0 
0.01 — 0.03 —0 02 
0.04 —0.05 —0.01 
0 —0.05 —0.05 
+0.01 —0.01 0 
0 —0.02 —0.02 
0 0 0 
ses Tr —0.02 
+001 —0.01 0 
+0.01 —0.01 0 
0 +0.01 +0.01 
+0.01 —0.01 0 
0 0.01 +0.01 
+-0.01 0.01 +0.02 
0 —0.01 —01 
+0.01 —0.02 +0.01 
0 0 0 
0.01 —0.02 —0.01 
0.02 —0.02 0 





It is to be noted that any one of the 
differences listed is not influenced by 
the level of burning time of an individ- 
ual fuze and represents the actual dif- 
ference in measured times between the 
two observers involved. Thus, some es- 
timate of dispersion such as the vari- 
ance (i.e. standard deviation squared) 
of each of the columns headed A-B, 
B-C, and A-C, gives us the variability 
of the difference between the two ob- 
servers compared. It is a fundamental 
law in mathematical statistics that the 
variance of the difference of two vari- 
ables is the sum of their variances, pro- 
vided that the two variables are not 
correlated. Therefore, taking the vari- 
ance of a three columns in Table II, 
we arrive at the following three equa- 
tions: 


o, + on = 0,0007030 sec. 
on + oc = 0.0008108 sec,” 
o. + oc = 0,0008878 sec. 


Using these equations, we can solve for 
the standard deviations in measure- 
ment of each observer, that is, for o:, 
®s, and ¢. These are found to be: 


o, = 0.0258 sec. 
0, = 0.0079 sec. 
0 = 0.0157 sec. 


The above figures give a direct com- 
parison of the ability or precision of 
each of the observers. It is seen that 
observer B is the best of the three since 
he has a precision or standard devia- 
tion of only 0.0079 second, whereas ob- 
server A is the poorest timer of the 
three. As a matter of fact, one can 
look at the columns in Table II headed 
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A-B and A-C and note that for the first 
ten rounds or so observer A had a 
definite lag in stopping his clock as 
compared to the other two observers. 

Returning now to Table I, we will 
examine the random error in burning 
times of the fuzes. This is determined 
by computing the standard deviation of 
the mean times given in the fourth 
column of this table. This measure of 
dispersion is found to be 0.2147 second. 
It is noted that the random variation 
in the product is about nine times the 
standard deviation in measurement of 
the poorest timer, whereas it is about 
27 times that of the best timer. This is 
an example where the measuring in- 
strument is quite adequate for the 
purpose at hand and it might be said 
that the errors of measurement of the 
combination including electric clocks 
and observers are small enough to pre- 
clude rejection of a good lot of fuzes 
or acceptance of a poor lot of fuzes 
due to random errors of measurement. 
Since actually the average time of 
three observers is used in estimating 
the burning time of a fuze, we should 
properly compare the resulting random 
error with that of the product. The 
random error of measurement for an 
average of the three observers turns 
out to be approximately 0.0178 second. 
Thus, it is seen that the burning times 
as recorded, using averages of three 
observers, has a random error of about 
one-twelfth the variability of an indi- 
vidual fuze burning time. As a final 
point concerning this example, I men- 
tion that the standard deviation of fuze 
burning times, i.e. 0.2147 second, ac- 
tually includes the random error of 
measurement. Upon adjusting the fig- 
ure of 0.2147 for the random error of 
the instrument, the estimate of stand- 
ard deviation of only fuze times turns 
out ta be 0.2140 second, thus indicating 
the negligible effect of the measuring 
technique. 

A rigorous general] statement concern- 
ing the relation between random error 
of instrument and random variability of 
product cannot be made as this properly 
depends on the particular practical cir- 
cumstance. In some cases, it will be 
satisfactory and economical for the ran- 
dom error of the instrument to be one- 
half that of the variability in the prod- 
uct measured. In other situations, we 
may desire more precision in our in- 
strumentation. 

Summary. In conclusion, I should 
like to say that these concepts of 
sources of error and kinds of varia- 
tion contribute much towards a rational 
basis for design, procurement, and op- 
eration of instruments. Moreover, in- 
strumental errors and product vari- 
ability go hand in hand and a com- 
plete analysis of the factors involved 
is a job for the engineering statistician 
or quality control engineer. Much is to 
be gained from economic and quality 
standpoints in knowing the (1) random 
error of the instrument and (2) system- 
atic error of the instrument. Ideally the 











instrument laboratory of every esta). 
lishment would have every instrument 
marked with two numbers. One numbe, 
would be the systematic error of the 
instrument and the other would be the 
standard deviation of measurement of 
the instrument. If the systematic error 
varies throughout the range of the in- 
strument, then a series of numbers 
should appear under the systematic er- 
ror and these would constitute the cali- 
bration of the instrument. In like man- 
ner, if the magnitude of the standard 
deviation varies throughout the range 
of the instrument the random error 
would also be a column of figures which 
would show the standard deviations en- 
countered throughout the range of the 
instrument. With these items of infor- 
mation an intelligent choice of instru- 
ment could be made for each kind of 
measurement. The selection of two pre- 
cise an instrument results in wasted 
usage. The selection of an instrument 
that is too imprecise results in uneco- 
nomic action. A general rule which, of 
course, is not universally applicable is 
that the standard deviation of measure- 
ment of the instrument should not ex- 
ceed one-half the standard deviation per- 
missible in the over-all measurement of 
the product. Thus, if we neglect the 
error of the operator and consider only 
the variation of the instrument and 
the variation of the product, the stand- 
ard deviation of the instrument should 
be only about one-half of the standard 
deviation of the product. The soundness 
of this rule is easily seen if we con- 
sider a 30°-60° right triangle in which 
the shorter leg is proportional to the 
standard deviation of the instrument; 
the longer leg proportional to the stand- 
ard deviation or variability in the prod- 
uct; and the hypotenuse proportional! to 
the standard deviation of the measure- 
ments of the product. Thus, the lengths 
of the three sides are proportional to 
one, the square root of three, and two, 
It is easily seen that further shortening 
of the short leg of the triangle (reduc- 
tion of instrumental error) will have 
little effect upon the length of the 
hypotenuse and that efforts to reduce 
this sort of variation will not be re- 
munerative unless the efforts cost rela- 
tively little. 

Finally, it is obvious that much is 
to be gained both from the economic 
and quality control standpoints by 
knowing (1) the random variation 
in the product and (2) the systematic 
deviation of the product. It is believed 
that these points require little comment 
because these are the end points of al- 
most all measurements and of almost all 
instrumentation. It is obvious that a 
knowledge of these two things depends 
entirely upon good instrumentation and 
quality control analyses from the sta- 
tistical viewpoint. 

I wish to acknowledge my indebted- 
ness to Major Frank E. Grubbs for gen- 
eral assistance, criticism, and the data 
connected with Table I. 
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Fourteen Years of Surface Wearability Testing 


With One Simple Instrument 


By P. W: PROUTY, Electrical Appliance Engineer, Westinghouse Electric Corp., Springfield, Mass. 


EPRODUCIBLE tests to deter- 
mine the mar resistance, hard- 
ness and adhesion of erganic pro- 
tective coatings have been obtained over 
a period of fourteen years at the Spring- 
field Works of Westinghouse Electric 
Corporation by means of a special test- 
ing instrument utilizing a simple Car- 
boloy cemented carbide tipped cutter. 
In testing organic finishes such as 
paints and varnishes, small steel panels 
are painted with the material, cured; 
and aged before the test is run. To de- 
termine the degree of mar resistance, 
hardness, and adhesion of the paint or 
varnish, a test was originated at the 
Springfield Works wherein a _ sharp 
metal blade under uniformly varying 
weight cuts through and eventually re- 
moves the organic finish under exami- 
nation. This test is performed on the 
instrument shown in the accompanying 
photograph. As in all physical testing, 
it is imperative that the device used 
be capable of giving reproducible re- 
sults over a long period of time so that 
the test results can be duplicated. 
Inasmuch as some of the organic 
finishes tested are quite hard, and 
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Typical specimens after undergoing tests. 
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Mar resistance, hardness, 





and adhesion of paints and varnishes are determined at Westing- 


house on this tester which utilizes a uniformly varying weight and a Carboloy-tipped cutting tool. 


some of the priming and filling coats 
contain gritty material, it was desir- 
able, in order to obtain consistent re- 
sults, to use a cutting tool which would 
not wear rapidly. Carboloy cemented 
carbide—a product of powder metal- 
lurgy and a metal whose hardness ap- 
proaches that of the diamond — was 
selected since it possesses probably the 
greatest resistance to wear of any 





metal. A tip of the hard carbide metal, 
ground and lapped to a keen edge, was 
placed on the cutting edge of the tool 
in the testing device. 

When a sample of organic finish is 
being tested for mar resistance, hard- 
ness, and adhesion, the soft steel panel 
covered with the material is placed on 
the plane table of the tester, which 
moves back and forth. Over the test 
panel is a tool post with the Carboloy 
tipped cutting tool in it. This tool can 
be moved and pressed down so as to 
cut the painted surface. As the panel 
table moves, it shifts the counterhal- 
ance weight back and forth on the 
lever, which results in a uniformly 
varying weight on the cutting tool. At 
the start of the test, 500 grams weicht 
is applied to the cutter; as the cutter 
moves, the weight increases until it 
reaches 5000 grams at the end of the 
stroke. The simple geometry of the 
linkages assures uniformity of the 
pressure-distance curve in all tests— 
those made fourteen years ago and 
those made today. 

The point at which the cutting tool 
starts to scratch the surface of the 
organic finish is taken as the measure 
of the material’s mar resistance ability. 

The point at which the Carboloy tip 
cuts in and starts to remove the top 
coat of paint is considered to be an 
indication of the hardness of the film. 

The point at which the carbide tool 
cuts through to the metal of the panel 
is designated as the adhesion figure. 

After this point—and to the end of 
the stroke—the tool removes the steel 
of the test panel in a manner similar 
to the way in which a planer tool re- 
moves metal from a workpiece. 

During the fourteen years that the 
Carboloy cutting tip has been in con- 
stant service, it has had to be re-dressed 
but once: because of abuse, not because 
it would have required sharpening at 
that time under normal conditions of 
use. 
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INSTRUMENTS 


ON THE 


Hundred-million-volt 


SCHENECTADY, N. Y.—“We have 
now arrived at the stage where we 
can generate in the laboratory radia- 
tions which formerly were available 
only in the cosmic rays, and we are 
just passing the borders of an entirely 
new field of atomic research.” This 
statement by Dr. C. G. Suits, G-E vice 
president and director of its research 
laboratory, referred not to atomic 
bombs but to the laboratory’s 100,000- 
000-volt induction electron accelerator, 
or betatron. 

It was four years ago that the an- 
nouncement was made that such an in- 
strument was to be constructed.* In the 
summer of 1943 the betatron went into 
operation, but secrecy prevailed on all 
work related in any way to the field 
of nuclear physics so, even though not 
a part of the atomic bomb project, its 
completion went unannounced. 

The new betatron produces x-rays far 
more powerful than any previously at- 
tained, as well as other interesting 
forms of radiation. It also gives greater 
depth doses of x-ray ionization in body 
tissue. Creation of matter from energy 
—reverse of the process in the atomic 
bomb—can be accomplished by its radi- 
ation. An ordinary half dollar can be 





*See the description (longer than this 
one) in Inmstrwments, Dec. 1942, pages 538- 
539.—EDIToR, 


MARCH 


X-rays and Electrons 


made to give off rays like those of 
radium by a few minutes of exposure 
to the betatron’s x-ray stream, with 
the silver transmuted to cadmium and 
palladium, and the copper of the coin’s 
alloy transmuted to nickel. Within an 
hour or so the electron emission is 
practically completed. Although the 
changes involve huge numbers of atoms, 
they are exceedingly small in propor- 
tion to all the atoms in the coin, and 
no chemical test could detect the cad- 
mium, palladium, or nickel so produced. 
The composition of the coin is not per- 
ceptibly altered. 

The principal part of the betatron is 
a huge electromagnet, made of 130 
tons of laminated silicon steel. It is 
9 high, 6 wide, and 15’ long. In a 
rectangular opening (see photograph) 
are the pole faces, 75” in diameter, 
surrounded by coils of insulated 1” 
copper conductor. The magnet is ener- 
gized by 24,000-volt 60-cycle current 
from a bank of capacitors, the intense 
magnetic field being concentrated in 
the horizontal space between the pole 
faces. 

In this space between the pole faces 
is the heart of the instrument, a ring- 
shaped glass vacuum tube with an over- 
all diameter of 74” and an elliptical 
cross section 8” across and 5” deep. 
Electrons from an electron gun pro- 





Dr. E. E. Charlton (left) and Dr. W. F. Westendorp, looking hardly older than in the 
photo in our Dec. 1942 issue which showed them in front of the then-unfinished betatron. 
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jecting into one of the 16 sectors of 
tube are whirled in a fixed circu 
orbit for 1/240 of a second—whir 
for 250,000 revolutions, and gai: 
about 400 electron volts with each 
Just at the end of the quarter-c 
of 60-cycle current, a pulse of cur 
passes through two small auxilj 
coils on the pole faces, causing 
electrons to spiral away from t 
orbit and strike a tungsten target 
thereby producing the desired x-rays 
which emerge from the tube in a nar 
row beam. By applying the trigge) 
pulse sooner than the quarter cyc|; 
x-rays of lower voltage are obtained 
—the betatron can produce x-rays fr 

2,000,000 to- 100,000,000 volts. 

The betatron is housed in a specia 
building, with three-foot concrete walls 
Control is necessarily remote, 
comes from a neighboring room. 





New Laboratory Devoted 
to Domestic Oil Heating 


[SEE COVER PHOTO] 


PITTSBURGH, Penna.—tThe placing 
in operation of one of the nation’s 
largest and most modern fuel oil lab- 
oratories has been announced by Gulf 
Oil Corp. The laboratory, an addition 





Fig. 2 


to the Corporation’s extensive researc! 
plant at Harmarville, Pa., will be de 
voted to developing greater efficiency 
in home oil heating. 

Officials of the Corporation forecast 
a national increase of at least 50% in 
home heating by oil by 1950. Thirty 
per cent of persons planning new homes 
expect to heat by oil, they estimate 
Burner manufacturers are said to be 
estimating that demand for burners 
will run as high as 500,000 yearly for 
the next five years. 
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The average burner today, providing 
clean, automatic heat, is 72-75% ef- 
ficient—a high rating compared with 
solid fuels. The new laboratory will 
deal with problems of increasing effi- 
ciency, adapting fuels of new cracking 
processes to burner operation, over- 
coming problems of corrosion, improv- 
ing atomization, and assisting in de- 
velopment of better fuels. 

Fig. 1 [cover photo] is a view in the 
new fuel oil laboratory, showing some 
of the furnaces and equipment used 
in studying domestic heating with va- 
rious types of burners and under all 
conditions of temperature and humid- 
ity. Tests are run for 70 hours with 
the burners set to run for 20 minutes 
and shut off for 10 minutes. During 
each run the operators take a number 
of measurements to determine the ef- 
ficiency of the fuel oil. On each 20- 
minute operating cycle the oil con- 





Fig. 3 


sumption is measured; outside, room, 
fuel, and stack temperatures are re- 
corded, along with barometric pressure 
and relative humidity. Stack and 
burner drafts, and analyses of the 
stack gases and smoke are also re- 
corded. | 

Shown in Fig. 2 is a bomb calorim- 
eter used to measure the heat value of 
fuel oil. A gram of fuel is sealed in 
the bomb along with a charge of oxy- 
gen under pressure and immersed in a 
measured amount of water. The oil is 
ignited electrically and the resulting 
rise in temperature of the water indi- 
cates the heat generated. 

Fig. 3 shows a technician using an 
electrical pyrometer for certain phases 
of combustion studies. The device en- 
ables examination of sections of the 
flame within the furnace and the de- 
termination of flame characteristics of 
various types of fuel oils and different 
kinds of burners. 
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Merchant-vessel Captain Reports Successful 


Use of Radar 


SCHENECTADY, N. Y.—Initial re- 
ports on the first commercial radar in- 
stalled on an American-owned and op- 
erated merchant vessel have revealed 
that after five months operation it has 
materially helped in maintaining sail- 
ing schedules with resultant savings in 
time and expense, according to officials 
of the American South African Line. 

The General Electric electronic navi- 
gator aboard the line’s flagship, the 
SS African Star, was installed and 
placed in operation on the ship’s maiden 
voyage. Encountering fog and storms 
on runs between the United States and 
South Africa, the navigator helped ma- 
terially to maintain the ship’s sailing 
schedules, according to Captain C. W. 
Schmidt, master of the African Star. 

Captain Schmidt cited a typical case 
in which the electronic navigator proved 


its effectiveness. “On a voyage from 
Port Elizabeth to Capetown, South 
Africa, heavy fog was encountered be- 
fore rounding the Cape of Good Hope 
In spite of this, with the radar operat 
ing, a speed of about 17.5 knots was 
maintained, and we arrived off Cape 
town breakwater at 4:00 p. m., the 
time previously radioed to our agents. 
Consequently, all arrangements made 


as to gangs, Immigration, and port 
authorities were not upset by a late 
arrival, and stevedores did not have 


to be paid for time awaiting ship’s 
arrival.” 

The electronic navigator on the 
African Star is a “Model MN-1A” 10- 
em. surface search radar specifically 
designed for use on merchant ships as 
a surface obstacle detector and navi- 
gational aid. Range selection of 2, 6, 
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or 30 miles radius is provided so that 
surroundings may be viewed on an ex- 
tended or small-scale basis, depending 
upon the waters being navigated. 





Powerful Electromagnet 
Aids Production and 


Research 


PITTSBURGH, Penna.—An electro- 
magnet so powerful that the operator 
must stay at the controls four yards 
away when it is at peak operation in 
order to avoid having his pockets 
picked has been developed by Dr. J. 
E. Goldman of the Westinghouse Re- 
search Laboratories. It is an oil-cooled 
1%-ton iron-core electromagnet wound 
with 6000 turns of square copper wire 
and tipped with a special magnetic 
alloy. 

The magnet, 5 ft. long and 2% ft. 
high, has adjustable poles so that spe- 
cimens from 1%” to 12” may be at- 
tracted and is capable of exerting a 
concentrated 4,000-lb. pull—a force 
strong enough to make possible new 
studies in magnetism. One secret of 
the high magnetism produced is the 
special alloy tips. This alloy was de- 
veloped by the Westinghouse Research 
Laboratories to give more magnetic 
energy than ordinary iron. 

The variation in the gap between 
poles is accomplished by the use of ad- 
justable tapered pole-pieces, This fea- 
ture adds immensely to the versatility 
of the magnet. Cooling the 28,000- 
watt magnet is accomplished by a flow 
of 17 gallons of oil per minute through 
the coils. 

The new magnet can be used in the 
production of tiny permanent magnets 
for aircraft instruments; as a fun- 
damental research tool for the study 
of the relationship between the crystal 
structure of metals and their magnetic 
properties, and as an aid in the design 
of cyclotrons. 





Cénstant Speed from a 
Variable-speed Motor 


EAST PITTSBURGH, Penna.—There 
seems to be a certain perversity about 
engineering needs. Sometimes a vari- 
able speed is desired from a basically 
constant-speed machine. Then again a 
constant speed is sought from one that 
operates at changing speeds. Worthy 
of note is one ingenious method devel- 
oped by Westinghouse for obtaining 
from a d-c. motor a speed held closely 
constant regardless of normal changes 
in load, voltage and temperature. 

On the motor-shaft extension is a 
smooth drum. Surrounding this drum 
is a cage with lengthwise slots. Resting 
in these slots and riding on the motor 
drum are carbon blocks, held in posi- 
tion by garter springs. The cage is con- 
nected to the driven load. The motor 


Page 660—Instruments—Vol. 19 


is arranged so that at all times its 
speed is above that desired, but the 
blocks and springs are so adjusted 
that, at the correct speed, the centrif- 
ugal forces lighten the pressure of the 
springs and the carbons slip just the 
right amount on the motor cylinder. 
The resulting speed regulation is re- 
markably constant. On a motor-genera- 
tor set serving a torquemeter, the 400- 
cycle output is held within one cycle 
for motor speed changes from 8400 to 
11,000 r.p.m. The output of the set is 
entirely an instrument load and does 
not vary widely. At constant load the 
variation for all atmospheric condi- 





tions of temperature, altitude, an; 
humidity is approximately 0.25%. 

The device is flat compensated fo; 
wear but tests show barely measurable 
change in the surface of the friction 
members in 2000 hours of operation, 
These carbons however must be care- 
fully chosen, for constancy of friction 
characteristics with temperature and 
durability at high altitude. 

This type of drive is not intended for 
use with large outputs (it has been 
built in sizes up to one kw.), nor for 
wide load variations. A 50% change ip 
load produces a speed change of a lit- 
tle more than 1%. 





Automatic Ball-grading Machine 


CHICAGO. — Production-line preci- 
sion has reached one of its highest 
stages of development in the unique 
ball-grading machine designed by Bell 
& Howell engineers and used at the 
company’s Lincolnwood plant. In sort- 
ing and grading the tiny steel balls 
used in bearings on B&H movie pro- 
jectors, the machine is accurate to with- 
in 0.00002” (2/100,000 inch). 

Although the balls are graded to 
close tolerances before delivery to Bell 
& Howell, company engineers insist on 
even closer measurements in order to 
effect maximum uniformity among all 
the balls used in any one bearing as- 
sembly. The logic of this is apparent 
when it is considered that one over- 
sized ball in a bearing will carry most 
of the operating load and thus will seri- 
ously damage the bearing. This is 
shown in the diagram, which is an ex- 
aggerated cross-section of a ball bear- 
ing where one oversized ball gets most 
of the load, wears out rapidly and 
throws the entire bearing off center. 

Before being placed in the grading 
machine, each group of balls undergoes 
four successive cleaning baths, to re- 








move any trace of oil or other foreign 
matter which might cause erroneous 
measurement. Upon being placed in the 
characteristics with temperature and 
sorted, the balls are guided into num- 
bered chutes, the ends of which are 
connected to glass vials by means of 





flexible tubes. The various vials are la- 
beled and their contents are kept sepa- 
rate, so that only balls of the same size 
are used in assembling any one bear- 
ing. Following grading, the balls are 
re-lubricated with high-grade acid-free 
oil, and the vials then are sealed and 
marked with the size numbers. 
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“Oneman” Wheel 
Balancer 


CHICAGO.—A wheel balancer with 


which one man can determine and cor- 


rect both static and dynamic unbalance 
_without removing the wheels from 
the vehicle and in less than ten minutes 
per wheel—has been announced by 
Stewart-Warner Corp. which, during 
the war, was one of the largest pro- 
ducers of electronic devices for the 
armed services. 

Three features were pointed out by 
Stewart-Warner Corp. which, during 
netic pick-up unit, attached to a fixed 
part in relation to and adjacent to the 
wheel. Sensitive to vibration amplitudes 
as small as 0.002”, this pick-up unit 
transmits current impulses to an indi- 
cating instrument and actuates (2) an 
electronic amplifier, similar to a four- 
tube radio set, which amplifies the elec- 
tric energy created by the pick-up to 
furnish power and control (3) a strobo- 
scopic light. This is a neon-filled tube 
which flashes when the car vibrates 
against the pick-up unit, creating a 
visual effect of “stopped motion.” It 
shows the operator the exact spot at 
which the wheel is out of balance and 
opposite which corrective weights must 
be placed to bring it into balance. (See 
Fig. 1) 

In balancing front wheels (Fig. 2) 
the operator jacks up the front of the 
vehicle about two inches and places a 
“wheel spinner,” with a high-speed 110- 
volt a-c. motor against the tire tread of 
one wheel. (An accessory wheel speed 
indicator, the shaft of which is held 
against the hub cap of the wheel, regis- 
ters speeds up to 90 m.h.p., reading 
both clockwise and counter-clockwise. ) 

In balancing rear wheels, a jack is 
placed under the center of the rear axle 
housing. A wooden rear-wheel block, 
with steel plate, is placed under one 
wheel to prevent it from turning while 
the other wheel is being balanced. The 
vehicle’s own engine power is used to 
rotate the wheel being balanced. Rota- 
tive speed is regulated by a remote con- 
trol accelerator depressor with an eight- 
foot cable, making it unnecessary for 
the operator to leave his position beside 
the wheel. (See Fig. 3.) 

In balancing wheels in their natural 
operating positions, the device balances, 
as one unit, the tire, tube, wheel, hub 
cap, hub and brake drum. In addition 
to measuring balance, it detects exist- 
ence of any defective, worn or out-of- 
adjustment parts which cannot be cor- 
rected by conventional balancing of the 
wheel itself. Thus it detects a dry bear- 
ing or loose bearing, dragging brakes, 
tire distortion at high speeds, worn or 
loose wheel suspension and other poten- 
tial repair-bill dangers. 

Availability of this new instrumental 
method is expected to make wheel-bal- 
ancing a regular and more widely 
available service for car and truck 
owners, in the same category of preven- 
tive service as periodic lubrication. 





Fig. 3 
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Gage for Checking Depth of Undercut 
By MARTIN RHOADS, Baltimore, Md. 


N many instances, bearing bores in aircraft fittings had 
to be concentric with the retainer groove and the depth 
of the groove was held to close tolerances. Checking the op- 
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eration was quite expensive with standard instruments. 


Since most of the fittings called for depths of 0.025”, fhe Overflow Cup —~ 


simple gage illustrated herewith cut the cost of checking 
this operation to practically nil. It can be made from brass 
or aluminum. 





Small-bar Mold 
By G. EVERETT MARSH, Washington, D. C. 


HE production of small bars of brittle metals offers 

considerable difficulty when routine procedures are 
followed. A simple, speedy and highly satisfactory method 
was devised for making 1X1 mm. bars of bismuth and 
antimony. A channel 1 X 1 mm. was cut the entire length 
of a plate of steel, 10 X 10 X 4 mm.; a second blank was 
provided with two 1 X 1X1 mm. pins 5 mm. apart. When 
the two pieces were placed together the space in the groove 
between the pins formed a cavity 1 X 1X5 mm. The two 
pieces were attached to the jaws of a small pair of pliers, 
the jaws being suitably cut away to permit the plates to be 
inserted into position and to close evenly and thus make 2 
tight box when the jaws were closed. 
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Immersing the open jaws in the molten metal and 


closing them fills the box with metal; on setting the p)icor: 


aside a few minutes to cool, a bar 1X 1X5 mm. ma 
removed from the mold without difficulty. As the meta) ., 
pands on cooling, a slight divergence of the sides of the bo, 
may be necessary to facilitate the removal of larger bars 
The bars have a smooth surface and require no finishing 
operation; they are all exactly the same size and their 
duction is accomplished without loss of metal. 





Special Water Column for Calibrating 


Flowmeters at Low Heads 
By LLOYD LeNEVE, Imperial Oil Refinery, Petrolia, Ontario 


HILE using a regular type Bailey test set in calibrat 
ing Bailey 53” and 120” meters (Types C5 and C35) 
it was found that the water meniscus, with its crescent point 
upward, had a depth of 0.05” which, if read wrongly at a 
10% test, would give an error of 0.05” at a bell displac 
ment of 0.51”, or an error of 10% at the most critical meas- 
urement for determining the correct amount of extra 
weights to be added to the Ledoux Bell. 
Eliminating this fault was difficult because this error 
depended entirely on the way the operator read the height 
of water head. 
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To overcome this, a self-stabilizing water column, with 
its meniscus having its tips pointing downward, was de- 
signed. A constant flow of water keeps the water in the 
bottle at a fixed height and with the meniscus tips pointing 
downward a clear view of the top of the water head is given 
and a sighting screw is then set in the same plane as th: 
top of the water head. 

In operation, the water is turned on and the sighting 
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screw is lined up with the top of the water head. The water 
bottle is moved up or down and the sighting screw set op- 
posite the desired reading on the scale. The water column 
automatically stabilizes itself at the correct water head and 
it is impossible to have any deviation in reading the height 
of the water head. 

The Self-stabilizer has been designed to facilitate accu- 
racy, ease of operation, and economy of man-hours on a 
calibration test. 





Field Checking of Thermometers 


By JOHN J. KIRKPATRICK, Instrument Engineer, 
Koppers Co., Inc., Pittsburgh, Penna. 


N a chemical refining plant, whose process handles in- 
flammable liquids or gases, an ever-present problem is 
the field checking of thermometers at temperatures above 
100°C. Ice water at 0°C., intermediate-temperature service 
water, and water boiled with live steam, have usually suf- 
ficed for a three-point check of thermometers in the field— 





on the assumption that a three-point check guarantees ac- 
curacy over full range. 

At our plant, where butadiene and styrene are produced, 
we began to observe some astonishing readings at temper- 
atures in excess of 100°C. Temperatures based on pressure- 
temperature relations of known products were obviously 
low. To make things worse, these temperatures would sud- 
denly correct themselves without any change in the product 
or any change in the pressure reading. Though we subse- 
quently found the cause for these mysteries, we felt that it 
was mandatory to check the thermometer for one point near 
the expected operating temperature. To avoid bringing ther- 
mal systems into the shop we had to develop some method 
that did not use fire or electricity. We finally developed and 
built a thermometer test pot which proved so satisfactory 
that we built seven more for use throughout the plant, even 
eliminating our electrically-heated bath in the shop and 
switching over entirely to the new test pot. 

Knowing that throughout the distillation area we never 
used a temperature in excess of the saturation temperature 
of the steam used in reboilers, heat exchangers, preheaters, 
etc., we decided to use high-pressure steam to produce the 
desired temperatures. Our first attempt was to put a copper 
coil in an oil bath. This equipment was heavy and clumsy; 
heat radiation from the bath made it impossible to maintain 
steam saturation tenrperature; and it was difficult to agi- 
tate the bath properly to insure even temperatures. 

Still in favor of the high-pressure steam idea, we de- 
veloped the bath shown in the accompanying photographs, 
which effectively cured our problems. It consists of a 12” 
piece of 3” pipe with one end welded shut and the other end 
flanged. In the companion blind flange we welded a coupling 
and installed one of our standardized thermometer wells. 


As refinements we added a pig-tail for a pressure gage con 
nection and a carrying handle. Through the side of the 3’ 
pipe we put a thermometer test well made of thin-wall steel 
tubing. This well lies close beside the thermometer well to 
assure temperature equality. In use it is filled with mercury 
or oil to increase the heat transfer. In the bottom of the 3” 
pipe we inserted a sparger made of a short piece of %” 
pipe closed at one end and having three 4%” holes drilled 
in its bottom. A needle valve controls the flow of steam to 
the sparger. At the top of the 3” pipe, just below the flange, 
we placed a nipple and a needle valve to be used for drain 
ing condensate and for back-pressuring the pot. 

In operation we connect a steam hose to the sparger, open 
the bleed valve at the top, and crack the sparger valve 
After letting the steam flow through a while to expel air 
and build up condensate, we install the bulb of the ther 
mometer to be tested and insert the test thermometer. Now 





both thermometers should read 100°C. (or near that point, 
depending on atmospheric pressure). Then, by shutting off 
the outlet valve a bit, we can raise the temperature to some 
new point. By proper handling of the inlet and outlet valves, 
any temperature up to the saturation temperature of the 
steam can quickly and easily be obtained. 

Some of the advantages: (1) There is constant agitation 
of the bath, since the water is always boiling at the satura 
tion temperature produced by the back pressure. (2) The 
temperature may be changed so rapidly that the pot will go 
from 100°C. to saturation temperature in less than two 
minutes. (3) The device is convenient to use, for it can be 
carried to the location of the thermometer bulb and hooked 
up with steam hose, obviating the need of taking down ther 
mometer tubing. 

The test pot illustrated was expressly made for one size 
of bulb, but we have built another that has an oil-filled well 
that will take any bulb we use. Many modifications are pos 
sible. In fact we have gone so far in the use of this method 
as to make a heating bath that enables operators to run 
their own test distillations without leaving the operating 
floor. 


Experimental Form for Delicate Coils 
By WALTER SCHMIEDESKAMP, Livingston, N. J. 


iy making small coils experimentally, such as are used fo 
d’Arsonval instruments and phonographic and other 
small pick-up devices, the greatest difficulty usually en 
countered is in getting these coils off the winding form after 
they are wound and lacquered. This is especially true of 
self-supporting coils. There is a material known as Cerro 
bend which is a Woods metal type of alloy melting at about 
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78°C., commonly found in experimental instrument sh, 
If the coil form is machined out of this material, tlie ¢oj) 
may be wound in it, lacquered and dried; and the Woods 
metal melted out by placing the coil in a warm oven or hot 
water. This saves damage to the coil which might otherw is. 
occur in stripping it from the rigid form. The meltable for, 
is easy, certain, a time-saver, and capable of handling 
most difficult coil shapes. 





Gathering Spilled Mercury 


By LESTER F. BOSS, Mellon Institute of Industria) 
Research, Pittsburgh 


PILLED merenry may be easily gathered by sprinklin,y 

fine dry sand over the area and then brush.ng the m 
cury and sand into a dust pan. Upon shaking the dust pa: 
(or other container) into which the mixture has been 
poured, it will be observed that the mercury has collected 
under the sand. It is then a simple matter to pour out th: 
mercury. 





Decantation 


By LESTER F. BOSS, Mellon Institute of Industrial 
Research, Pittsburgh 


HEN pouring liquids from full containers which hav: 

a small opening near one side of the top, the liquid 
frequently “runs back!” This may be almost completely 
avoided by tilting the container with the opening uppermost. 
The container will then have to be tilted to an almost hori- 
zontal position before the liquid reaches the opening, with 
the result that when the liquid does flow it will run away 
from the opening. 


Method of Cleaning Wire 


By LESTER F. BOSS, Mellon Institute of Industrial 
Research, Pittsburgh 





CRAPING wire, for the purpose of brightening, or re- 

moving enamel, insulation or corrosion, preparatory to 
soldering or making connections, may be greatly fac litated 
by using the teeth of a hack saw blade. This method saves 
time and is particularly useful on fine stranded wire when 
a fine jeweler’s saw blade is used. 
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on instrument testing, 
repair, installing, etc. 


This is to remind our readers that Instruments pays 
$5 (or more*) for each shop kink or other time-saving 
and accuracy-promoting idea accepted for publication. 


The following rules must be observed: 

1. Type double-spaced on one side of paper. 
Author’s name and address at top of first 
page (envelopes get lost!) 

2. Diagrams must be in black ink (no blueprints). 
Lettering (if not made with aid of machine) may 
be soft-pencil, to be inked-in by Instruments. 

8. Only professional-grade photos will be ac- 
cepted (preferably 5x7 or 8x 10 glossies). 

4. Each contribution to describe ONE method or 
device. An author may send as many as he 
likes. 

5. Mail all entries to Shop Kinks Dep’t of Instru- 
ments, 1121 Wolfendale St., Pittsburgh 12, Pa. 


*Five dollars is for textual entry accepted: a greater mini- 
mum is paid for accepted entries including drawings and 
photographs. 
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NEW ENGINEERING * NEW DESIGN * NEW RANGES 
50 RANGES 


Voltage: 5 ~~" 0-10-50-250-500-1000 at 25000 ohms 
per volt. 
5 a 0-10-50-250-500-1000 at 1000 ohms 
r volt. 
Current: 4 A.C. 0-.5-1-5-10 amp. 
6 D.C. 0-50 microamperes — 0-1-10-50-250 
milliamperes—0-10 amperes. 
4 Resistance 0-4000-40,000 ohms—4-40 megohms. 
6 Decibel -10 to +15, +29, +43, +49, +55 
Output Condenser in series with A.C. volt 
ranges. 
Model 2400 is similar but has D.C. volts 
Ranges at 5000 ohms per rolt. 
Write for complete description 
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Volt-Ohm-Milliammeter 


25,000 OHMS PER VOLT D.C. 





SPECIFICATIONS 


NEW “‘SQUARE LINE” metal case, at- 
tractive tan ‘‘hammered"’ baked-on 
enamel, brown trim. 


PLUG-IN RECTIFIER—replacement 
in case of overloading is as simple as 
changing radio tube. 


1 READABILITY—the most readable 
of all Volt-Ohm-Milliameter scales 
—5.6 inches long at top arc. 


B RED*eDOT LIFETIME GUARANTEE 
on 6” instrument protects against 
defects in workmanship and material. 
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DEW POINT INDICATIONS 








The Alnor Dew Point Indicator provides simple, rapid de- 
terminations of dew point of any non-corrosive gas. Relative 
humidity, grains moisture per lb., and latent heat can also 
be obtained by conversion factors. The consistent accuracy 
is due to the fact that the indication takes place in an en- 
closed observation chamber under controlled conditions. 
The end-point may be accurately observed, reducing errors 
due tc the human element and permitting consistent results 
by two or more operators. Fast, easy handling encourages 
accurate control wherever dew point is important. This in- 
strument is proving its valuc in air conditioning and re- 
frigeration work, with controlled atmosphore furnaces, in 
chemical and petroleum processes, with compressed gas and 
gas fuel users, and similar applications. Write for Bulletin 
4017. 


ILLINOIS TESTING LABORATORIES, INC. 


420 NORTH LA SALLE STREET ¢ CHICAGO 10, ILLINOIS 
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X. VACUUM GAGES 

Numerous gages for measuring various degrees of vac- 
uum have been developed, but no single gage has been found 
which can be classed as a universal practical gage over the 
entire range of low pressures. Each has some distinct dis- 
advantage, either in construction details or auxiliary equip- 
ment which must be used with the gage. Usually it is best 
to adopt the gage which is most suited for the particular 
pressures required. It is sometimes necessary to use several 
gages on a single system. Each gage can then be used in its 
recommended range and with such a combination it is 
possible to attain greater accuracy in pressure measure- 
ments. 

Vacuum gages can be divided into two types or classes. 
The first type operates on the principle of comparing the 
unknown pressure with a known pressure by the difference 
in liquid levels or by a type of Bourdon tube which is de- 
flected from the null point by the pressure within the tube. 
The second class depends on the number of gas molecules 
present in the gage and their respective properties. 


SIMPLE MANOMETERS 

The simplest vacuum or pressure gage is the manometer 
which consists of a U-shaped tube containing a liquid of 
known density and so arranged that the difference in level 
of the liquid may be observed. The space above the liquid 
on one side may be evacuated or exposed to a chamber con- 
taining gas at a known pressure. The pressure in the sys- 
tem attached to the other side of the manometer is then 
read as being greater or less than the known pressure on 
the other side, by a pressure equivalent to the difference in 
height of the liquid in both legs. A closed-end manometer 
is useful when pressures in the range of 1 to 20 mm. of 
mercury are to be read. They occupy little space and use 
small amount of mercury. In almost all cases a constriction 
in the tubing at the manometer bend is necessary for pre- 
venting rapid liquid surges when the pressure on one side 
is suddenly changed. 

While in principle the manometer is very simple, there 
are certain principles which must be considered in its con- 
struction, especially if the manometer is used for accurate 
pressure readings. The rise or depression of liquids in small 
bore tubes is given by the following equation: 

Y 2 cos 0 
h= ——— 
rgd 
where y=surface tension of liquid in dynes/cm.; 
r—radius of the tube in cm.; 
h=rise or depression of liquid in tube in cm.; 
g—acceleration due to gravity cm./sec.?; 
d=density of liquid in gm./cm.?3; 
0=angle of wetting of liquid with side wall. 
6=0° for complete wetting; 
8=180° for non-wetting. 
Water and mercury can be considered as extreme cases of 
manometer liquids. Their respective surface tensions are 72 
and 465 respectively at 20°C. Substituting these values in 
the above equation along with the proper density and 
gravity constants and assuming complete wetting of the 
surface in the case of water and complete non-wetting in 
the case of mercury, the capillary rise or depression for 
various tube radii given in Table 18 are obtained. 


TABLE 18 
EFFECT OF TUBE RADII ON CAPILLARY RISE 


Radius of Tube Liquid Rise in mm. 
mm. Mercury Water 
1.0 —6.8 i ae 
5.0 1.36 0.29 
10.0 0.68 0.15 
20.0 —0.34 0.08 
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Scientific Glass Blowing and 
Laboratory Techniques 


By WILLIAM E. BARR and VICTOR J. ANHORN, Gulf Research & Development Company 


The negative values in Table 18 designate a depressio: 
The manometer must therefore be constructed of tubing 
with the same diameter. If the two legs are of unequa 
diameters, not only will there be a difference in height du: 
to pressure but also due to capillary effects. 

The angle of wetting is another factor which must be con 
sidered. In the calculation of the data given in Table 18, it 
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was assumed that the wetting angle of mercury and water 
was 180° and 0° respectively. Fortunately in most cases this 
is not true and therefore the capillary effects are less by 
the factor, cosine 8. Even if both sides of the manometer 
are the same diameter, there can be a difference in the 
angle of wetting in the two legs caused by moisture or dirt 
on the surface of the glass. This will give a difference in 
zero point in the two manometer tubes. To minimize this 
effect the manometer tubing should be as large as possible. 
Tubing with diameters of 12 to 15 mm. is recommended 
when differences of + 0.1 mm. of mercury are to be read. 

The manometer is limited for measuring pressures only 
by the strength of the confining glass tubes. For vacuum 
measurements, it is limited by the operator’s ability to accu- 
rately measure the difference in height between liquid levels. 
For most mercury manometers even with level-reading in- 





























struments such as a cathetometer, pressures below 2 mm. are 
subject to considerable uncertainty. 

The construction of the short simple U-tube manometer 
is not difficult. A section of glass is thoroughly cleaned. A 
portion near the center of the tube section is fused and con- 
stricted by rotating it in the burner flame. The constricted 
section should not be over 1 cm. in length and the outside 
diameter of the constricted section should be identical with 
the original tube. The glass tube is then bent into a U-shape 
as illustrated in Fig. 122A. The constriction in the ma- 
nometer should be adjacent the bend. One leg of the ma- 
nometer is closed. 

Long U-tube manometers are convenient when a pressure 
range of 760 to 1 mm. of mercury is required. The fabri- 
cation of such manometers is not difficult if the two ma- 
nometer arms are taped to a meter stick after the constric- 
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Fig. 123 
tion and the tube ends are shaped as shown in Fig. 1228. 
The tubes are sealed together by fusing the ends of the 
two tubes. A blowing tube is fastened to the one open end 
while the other is stoppered. 

Closed-end manometers are frequently used as approxi- 
mate vacuum indicators in vacuum systems or for vacuum 
indicators where the accuracy of 10% is sufficient. These 
manometers usually are about 6” in length with the closed 
end completely evacuated. The production of these manome- 
ters is as described above. The manometers are filled with 
mercury by various methods. A practical method of filling 
several at one time is illustrated in Fig. 122C. A mercury 
filling tube 760mm. in length is ring-sealed into a large 
mercury reservoir. The opposite end is ring-sealed into a 
small bulb. Two outlets of the bulb are sealed to the open 





end of the manometer and the manifold of the vacuum sys 
tem. Triple-distilled mercury is poured into the clean reser- 
voir. The vacuum pumps are started and after a vacuum 
of the order of 10-*mm. of mercury is obtained, the ma- 
nometer is heated with a torch. After the manometer is 
properly degassed and a vacuum better than 10-*%mm. of 
mercury is obtained, the mercury in the reservoir is forced 
into the manometer by applying air pressure to the reser- 
voir side tube. Several manometer filling units can be sealed 
to the same vacuum manifold. 


McLeop GAGES 

The McLeod! gage was among the first gages developed 
for measuring vacua and is still used extensively as a lab- 
oratory instrument. It is, in general, simple in construction 
and operation and, when properly calibrated, it is reliable 
within certain pressure ranges which will be discussed later. 
Moveover, gages can be made to read pressures as high as 
50 and as low as 10-°mm. of mercury. 

The principle of the gage is that of compression of a 
known volume of gas at an unknown pressure to a smaller 
volume. The pressure at the smaller volume can be deter- 
mined by difference in height of a mercury column. Assum- 
ing Boyle’s law we can then calculate the original unknown 
pressure by the equation: 

P2 V2 


~ 


P,=———_ 
V1 
where P; unknown pressure; 
V,=“initial volume before compression ; 
P.2=final pressure; 
Vo=final compressed volume. 

A simple McLeod gage is illustrated in Fig. 123A. It is 
operated by causing the mercury to rise and enter the bulb 
V; at a. The gas within the bulb and capillary ¢ which is 
sealed to bulb V; is cut off from the rest of the system 
when the mercury passes through the ring at a. The gas 
in V1 is compressed by the mercury until the mercury 
column in the outer capillary is coincident with the gage 
mark G which also coincides with the end of the closed 
capillary, Fig. 123B, or the mercury in the closed capillary 
becomes coincident with an arbitrary mark G as illustrated 
in Fig. 128C. In either case V2 can be calculated from the 
length and radius of the capillary and P2 is directly the 
height of the mercury column in the open capillary. V; is 
known and therefore the pressure P; can easily be calcu 
lated. 

McLeod Gage Dimensions 

For vacua in the range of 10-4 to 10-°mm. of mercury, 
Vi usually is 200 to 300cc. in volume and the capillary 
diameter is approximately 0.5 mm. If a larger volume is 
used, the weight of mercury becomes excessive and an in- 
crease of several times V, gives little increase in gage 
sensitivity. However, if smaller capillary tubes, below 0.5 
mm., are used, the mercury column separates when mer- 
cury is lowered in the gage. A gage with the dimensions 
given above has a sensitivity of 10-®<h2mm. of mercury 
when read as illustrated in Fig. 123B. With a capillary 0.5 
mm. in diameter and 200 mm. long pressures up to 0.04 mm. 
of mercury can be read. When higher pressures must be 
measured, 35 mm., a smaller ratio of V; and V2 is required. 
A volume of V; of 8 cc. and a capillary 200 mm. long and 
3 mm. in diameter will give measurements up to 35 mm. of 
mercury by the method illustrated in Fig. 123B. Pressures 
up to 50 mm. of mercury can be read on the gage by the 
method illustrated in Fig. 123C. 

Calibration of McLeod Gages 

The calibration of the McLeod gage may be either a 
simple or an elaborate operation depending on the subse 
quent use of the instrument. It should be pointed out that 
the accuracy of the McLeod gage is of the order of 1% even 
though a perfect calibration is made. Reasons for this per 
centage error when absolute pressures are measured will 
be discussed later. 

The first step in calibrating parts of the gage is to choose 
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several 60-cm. lengths of capillary tubing with approxi- 
mately the correct bore. These capillary tubes are carefully 
cleaned and dried. A small amount of clean mercury is 
drawn up into the capillary tube and the length of this 
section of mercury is measured as accurately as possible. 
The length and position of the mercury are recorded. The 
thread is then moved to the adjacent portion of the capillary 
tube and the length and position are again recorded. This 
process is repeated, Fig. 124A, until the entire length of the 
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tube has been covered. By this procedure the uniformity of 
the bore can be determined. A plot of mercury thread length 
versus position on the entire tube can be made for a graph cal 
representation of bore uniformity. It usually is not difficult 
to find capillary tubes with less than 1% variation. The 
mercury is then carefully removed and weighed on an an- 
alytical balance. By knowing the temperature of the mer- 
cury during the measurements, weight and density, it is a 
simple operation to calculate the radius of the capillary or 
its volume per millimeter of length. Repeated calibrations 
with different thread lengths of mercury can be made if 
greater accuracy is required. 

Two sections of capillary tubes are then chosen for the 
gage. One is closed by using the procedure illustrated in 
Fig. 124B. The capillary bore should be perfectly cylindri- 
cal to the end. The end is closed by first drawing a fused 
glass rod to a thin rod. A section of this rod wi.h a diameter 
of the capillary is placed in the end of the capillary. The 
capillary tube is then heated at the end until the glass com- 
pletely fuses. The tube seciion just below the end of the 
bore should not be deformed because of the danger of chang- 
ing the volume of the capillary. 

If the gage is to be used and read as illustrated in Fig. 
123C, it is wise to determine the location of the gage marks 
indicated by G. The capillary is first weighed and then is 
filled with mercury from the closed end to each respective 
mark and weighed. From the mercury density a direct calcu- 
lation of the volume of the capillary from the marks to the 
closed end can be made. The volume per length as a function 
of length can be plotted and, as it takes into account any 
variations in bore dimensions, these data are preferred, par- 
ticularly when the gage is to be read in this manner. 

The capillary is sealed to the bulb V;, Fig. 123A, and 
the ring seal a at the bottom of the bulb is made as illus- 
trated, Fig. 123A. The bulb V;, is then filled with either 
mercury or water. The bulb must be filled exactly to the 
inverted seal or cut-off at a. No air pockets should be 
trapped in the bulb. If the calibrating liquid enters the 
capillary, a weight or volume correction can be made, by 
obtaining the volume of the particular section from the 
plot of volume versus position in the capillary. The amount 
of liquid in the bulb V, is then determined by weighing the 
liquid and with temperature measurements the volume can 
be obtained. 

The gage is then assembled as shown in Fig. 123A. The 
capillary on the tube leading to the system should have a 
bore which conforms as near as possible to the closed capil- 
lary. A study of the graph of volume versus position of 
each capillary will aid in making the proper choice. One 
must be very careful that the volumes of the bulbs and 
capillary are not altered when the gage is made. 

After the gage is assembled, it is mounted on a convenient 
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rack or holder. A method of raising the mercury into th, 
gage must be chosen. Two important factors must be co: 

sidered. First, the flow must be controlled so that no rap 

surge of mercury occurs as the mercury is raised, becau 

of the danger of breaking the gage. Second, the flow must 
be controlled so that the mercury can be stopped exactly o 
the predetermined calibration mark on the gage. 

There are several methods of raising mercury into th 
McLeod gage. Four commonly-used methods are as follows 

1. The simplest, although not necessarily the most satis 
factory way of raising the mercury is by means of a mer 
cury bulb and rubber tubing, as shown in Fig. 125A. This 
method is quite convenient but is not conducive to accurat: 
setting of the mercury levels in the gage. 

2. A second method is shown in Fig. 125B. In this cas: 
a full barometric leg is inserted between the cut-off of th: 
gage and the mercury reservoir. It has its advantage in 
that the gage may be turned directly to the full vacuum 
line, thus eliminating any air that may be trapped. Th« 
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barometric leg may serve also as an approximate indicator 
of the vacuum in the system. It has the disadvantages that 
the length of the gage is increased and that air pressure 
is required to raise the mercury into the gage. 

8. The method shown in Fig. 125C is in general the 
most satisfactory for raising mercury into the gage. The 
mercury is raised by atmospheric pressure and returned to 
the reservoir by vacuum supplied by some auxiliary source. 
The rate of mercury rise can be carefully controlled by a 
three-way stopcock and capillary tube. 

4. A method? by which the mercury is raised with a 
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TWIN SEAL 


hydrostatic 
TEST UNIT 





A COMBINATION PORTABLE OR 
BENCH TESTING UNIT 


guaranteed 


to hold pressure to 10,000 psi without leakage or seep- 
age... even with grit! 

A dependable, precision unit for testing and repairing 
pressure gages and instruments . . . setting hydraulic 
valves, relief valves, etc... . hydrostatic testing. 

Portable unit weighs only !1!/2 Ibs. 

Accessories for bench testing with test gage or dead 
weights. 

Equipped with Twin Seal check valve. 


Write for Bulletin 1146 


MANSFIELD & GREEN 
4601 EUCLID AVENUE, CLEVELAND 3, OHIO 














ONLY 1 MINUTE 

TO MAKE A TEST! 

With a fe 
Steinlite — 
— I 
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It's easy to make a moisture test with a Steinlite. .. and 
it's fast. It takes an experienced operator just one minute 
to make a test .. . almost any operator can make a test 
in two or three minutes. It has tested a wide variety of 
products—grain, nuts, dehydrated foods, chemicals, etc. 

All you do to make a test is (1) turn on switch, adjust 
needle on meter dial, (2) weigh out an accurate sample, 
(3) pour sample into hopper, (4) read meter dial, (5) 
compare reading with conversion chart showing per- 
centage of moisture. 


Sold on 10-day free trial basis. No money down. 


644 BROOKS BUILDING CHICAGO 6, ILLINOIS 

















Here is a Complete unit for 
PRECISE TEMPERATURE CONTROL 


from — 60°C. to + 300°C. 


The famous PRINCO “Magna-Set” Thermoregulator 
and the PRINCO Supersensitive Electronic Relay 


WM ACCURACY—Contro!l to within +0.02°C. (to 
+0.002°C. under ideal conditions) 

\ a SENSITIVITY—Setting changes as slight as 0.005°C. 

™ CAPACITY—Loads up to 6 KW controlled by as 
little 2s 50 pope awe with single throw relay, 
and up to 3 KW with double throw. 

- ADJUSTABILITY—Continuously adjustable within 
any 5°C. of entire range. Improved mercury trap 
for “rough” adjustment. Unique ‘‘micrometer” 
mechanism for final accurate setting. 

&™ FLEXIBILITY—Available in “temperature rise to 
make’’, “temperature rise to break’’, or double- 
throw contact arrangements. 

™ CONVENIENCE—Everything in one “package”— 
ready to install. 

Write for information and prices. 


PRECISION 


THERMOMETER & INSTRUMENT COMPANY 














PRECISION INSTRUMENTS FOR INDUSTRY 


1437 Brandywine Street, Philadelphia 30, Pa. 
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DECADE AMPLIFIER 


Pom iielo)(-mumseliielgeli-toMullelMmelel Melle) itit- 


@ Gain of 100x, 1000x, or 10000x. 


@ Frequency range 10 cycles to 1000 
kilocycles within 1 Db. 





@ Feedback stablization on first two ranges. 
@ Fully regulated power supply for addi- 
tional stability. 


© Output impedance 25 ohms; input im- 
pedance 3 meghoms. 





© Will deliver 50 volts or 7 milliamperes. 


| Write for Bulletin 11-G 


: ( KALBFELL LABORATORIES 


tnd ctl 941 ROSECRANS ST. « SAN DIEGO 6, CALIF 


Manufacturers Representatives are invited to reply. 
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Heat-Sensitive Paper 


THE POLYCHROME CORPORATION in- 
troduces a new development in the field 
of heat sensitive papers to be used with 
direct recording instruments. The advan- 
tages over the methods currently in use 
include: 


1. A black on white record, 2. An inde- 
structible inscription which is virtually 
part of the paper, 3. A paper which can 
be handled indiscriminately without fear 
of scuffing or destroying any part of the 
record, 4. A paper which is chemically 
and physically stable to the variations in 
heat, light, and moisture conditions nor- 
mally encountered in industry. 


We invite manufacturers of electrically 
actuated recording instruments to discuss 
this technological advance with us and 
see the advantages of Polychrome Pyro- 
Sensitive Paper. 


POLYCHROME CORPORATION 


2 Ashburton Avenue, Yonkers 2, New York 
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plunger is shown in Fig. 125D. This method is better th 
the first discussed above because it is quite simple 

attach a simple ratchet or adjusting screw arrangem: 
to control the mercury rise. The plunger and case are ma 
of metal that will not amalgamate. 


Methods of Reading the McLeod Gage 
There are two methods of reading the McLeod gage. T 
first is illustrated in Fig. 123B. In this case the mercu: 
in the open capillary is raised until it is just even wit! 
the end of the bore of the closed capillary tube. To get th 
pressure of the gas in the system one needs only to rea 
the height and substitute in the following formula, whic! 
is derived by assuming the validity of Boyle’s law: 
> ar2 hh . 
1 Vs (3 
where V; = initial volume; 
h = difference in height of mercury in the closed 
and open capillary; 
w7r2h = final compressed volume 





Equating 
Tr2 
K= 
V; 
we have 
Py = K h2 (4) 


A metric scale may be placed behind the two capillaries 
The height is read directly and the pressure P; is ther 
calculated for every reading. When only approximate pres- 
sure readings are required, a scale can be placed behind 
the capillaries which will allow one to read the pressure 
directly. This scale is prepared by calculating h for various 
unit pressures as 1, 2, 5 and 10 X 10-5, 1, 2, 5, and 
10 X 10-4, etc. A scale of this type is illustrated in Fig. 126 
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The second method of reading the gage is shown in Fig. 
123C. Here the mercury is raised until it is even with some 
arbitrary gage mark G2. The pressure is then calculated as 
follows: 

Tr2 he hy 
P; =— —_ (5) 
Vi 
where h; = height of mercury in the side capillary; 
he = length of compressed gas in the closed capillary. 
Since the same gage mark is used for a number of readings 
the formula can be changed to: 











Ke hy 
P, = (6) 
where 
K2 = 2 
Vi 
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MOISTURE TESTER 








a complete 
instrument 





Operate 














Determines the moisture content of the vapors of propane 
and other gases. Can also be used to determine the water 
concentration in liquid propane. Determines relative 
humidities over a comparatively wide range. Pressure 
gauge has a range of 0 to 200 pounds. 


Write for Catalog No. 30-A 


sa 


THE REFINERY SUPPLY CO. 


e TULSA 3,OKLA . 





Houston Office Temporarily Discontinued 














LINEAR ACCELEROMETER 





ACTUAL SIZE—WEIGHT 1 oz. ny ¢ 


Ranges: 0-lg to 0-250g Natural Frequencies to 
1000 cyps. Principle of operation: Relative mo- 
tion of a spring-suspended iron core within a 
special Linear Variable Differential Transformer 
modulates a carrier wave. The amount of modu- 
lation is proportional to the core displacement 
and, therefore, to the applied acceleration. 


Write for Information to 
5 ENGINEERING 
226 HARDING AVE., COLLINGSWOOD, N. J. 








Facts You Should Know About 
C.M.H. Stainless Stee! BELLOWS 


F YOU PLAN to use bellows for vacuum equip- 
Ris thermostats, pressure controls, valves, 
recording instruments, hydraulic mechanisms, ro- 
tating shaft seals, or for other purposes, check 
these essential features of C.M.H. Stainless Steel 


BELLOWS. 


1. Corrosion resistant qualities of stainless steel enable wider appili- 
cation of C.M.H. BELLOWS. 





2. High and low temperatures do nof'affect the operating efficiency. 


3. Multiple ply construction gives even greater strength factors 
when needed. 


4. Ferrous fittings, attached by Circular Seam Welding, assure 
permanent, leakproof joints. 


5. Uni-metal assemblies avoid the costly troubles encountered 


where bi-metal types are used. 


6. Long lengths are standard production permitting economical use 
of C.M.H. Stainless Steel BELLOWS for many unusual types 
of applications. 

7. Better delivery schedules are possible because C.M.H. BELLOWS 


are standard production products. 





For complete information 
about C.M.H. Stainless Steel 
BELLOWS and about the 
many types of Flexible Metal 
Hose in the complete C.M.H 


line, write us today. 


Ask for Chicago Metal Hose 
Form SSB2 on which to submit 
your bellows requirements. It will 
save you time—assure more accu- 


rate transmittal of essential data. 











Flexible Metal Hose for Every|ndustrial Use dt 


fro FPr OF i 
CHICAGO METAL HOSE Corporation 
@w £ BE 


6 Ze MAYWOOD, ILLINOIS 


(MLR! 








Plants: Maywood and Elgin, il, 
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| The original pressure P; is thus directly proportiona! to 
| the height of mercury in the side arm. There is a definite ; 
advantage of reading a gage in this manner because a 
number cf gage marks may be used for various pressure 
ranges. The height of the gas column in the closed capillary 


h2 can be so selected that the constant Ka may be in s ‘ 
units of 10-«. In other words the height of mercury in the | 
outside tube need be multiplied by 10-% or 10-2, ete. to ob- ’ 


tain P; directly. ‘ 
The equations which have been discussed thus far are 

valid only for simple McLeod gages where P, is less than 

0.1 mm. of mercury. If P; is not negligibly small, the For 




















equation for calculating pressure by the gage is: and 
Tre clock 
(7) Tach 
wr2 extre 
Py = Ksh2 + Pi Ksh where Ks = Ti 
a q — 2¢ 
Solving for Py we have 2000 
Ks h? 
P, = 1—Keh (5) La 
nid drive 
If gage marks as shown in Fig. 123C are used we have im 
Translates load in pounds on face of easily read dial. Red hand from equation (7) 
stays at peak load until reset. Simplest! No complicated levers Tr2h = 
No formulas. NO SPRINGS. A precision instrument ruggedly Pr, = : (hi + Pi). (9) 
built for severest service in largest or smallest shop, or in the ) 
field. Fits practically any setup. Nine capacities, 0-500 to : 
0-20,000 Ibs., all capacities same size, same weight. Size Solving for P; we bee. 
8% «6% x3 K,4 hi Tr2he 
Tests torque, power, tensile strength, spot-welded sections, etc Pi a K where K4 = 
as well as static weight _ ee V1 
Ask for Illustrated™Catalog. Shows use by America's foremost K4 
industries. Priced low. Prompt delivery. Phone, wire or write or Py = Ksh, where Ks yal 1 K ’ (10) 
— £14 





The scale which is calibrated for the quadradic equation 


W c DILLON g 5415 West Harrison St. (8) is the square scale while the scale for equation (10) is 
. vu. CO., Inc. Chicago 44, Ill, U.S.A. | ® linear scale. 
When the McLeod gage is used to measure pressure above 


we 0.1 mm. of mercury, another factor must be considered. The 
system quite often is small and when pressure measure- 


4~ Removable Self-Starter Strip exposes ends of Labels for you to peel! ments are made, the mercury in the large side arm appre- 
%, § DONT PICK. USE SELF-STARTER STRIP TO PEEL LABELS / clably compresses the gas in the system beyond the gage. 
: The gage equation then becomes 
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6|7\8/9 

(ares § 6|7 a\9 ur*h 
meg 3 P, = (h + XP;) (11) 
“iol 6|7|/8\9 Vi 
~ O88 6|7/8/9 where X is the compression factor which will depend on the 
siz + 6|7|8/9 size of the system and also the height to which the mercury 
eo” : 6/|7 a|9 is raised in the side arm. When the gage is read as illus- 

z PICK. “USE SELF-STARTER STRIP TO PEEL LABELS trated in Fig. 123B, the final equation is 





h2 
(Vi /7r2) —Xh 
Equation (12) is quite complicated but it can be used. 
Moreover, X must be determined experimentally. The ac- 
curacy in determining this compression factor need not be 
extreme as V;/7r? is usually a large number compared 


to Xh. 
In order to surmount some of the difficulties discussed 


(12) 








QUIK-LABELS 


Mark your wires Faster 


QUIK-LABELS code Wires, Leads, Circuits, 
Relays, Parts, etc. faster and cheaper. @ Pre- 
cut to exact size, QUIK-LASELS come in rows 
on handy Cards, stick without ist 


Quin-cane} 








ro \ 


























noes beg a end coutly suing. tapsy rol APPLY above, a different type of gage design is recommended. This 
Coated with clear insulating varnish to resist yf gage is illustrated in Fig. 127A. The capillary side arm is 
dirt, grease, abrasion. @ Removable *Self- completely separated from the system by means of an 
Starter Strip automatically exposes ends of . i= (\) auxiliary side tube having a mercury cut-off. When the 
Labels fer you fo grasp inctanily—=ae mere Pa Be Ars mercury is raised in the gage and side arm, there is no Se 
ep yl i ge me mean : r iLapelelel ae external pressure equivalent to Pi or XP; to be considered j ee 
carry Cards to the job. @ QUIK-LABEL Bench o 4|s} 6] 7 and the simple equations of P,; = Kh or Pi - Koh? can be fre 
Dispenser holds Cards for production opera- used. The gage can be easily made and it is not difficult al 
tors to code with both hands free. © 275 NEMA to operate. It does have the disadvantage that it requires . 
Markings and Colors in stock. a separate line to the system. There is a little more added 5 on 
uncertainty in the wetting angles and capillary depressions : 
Wie fer Sethe ont OE See for the ons in the gage proper may influence these factors. ; . 





W. H. BRADY COMPANY /“cwsé on 7arsimacss There should be no gases in the open-arm capillary. 
Migs. of Self-Sticking Tape Products McLeod Gage Installation 


eg wwe The gage should be cleaned and all dirt and liquids should 
be removed. The gage can be warmed with a small hand- 


aide 








Rectory: Chippewa Falis, Wisconsin *Potents Peadtin 
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IF YOU ME 


Speed AND 


You need the Standard 
CHRONO-TACHOMETER 


For every test stand where speed 
and time must be accurately 
clocked, this Standard Chrono- 
Tachometer offers ruggedness and 
extreme accuracy. 

Times to .001 minute; two ranges 
—200-3500 within + 10 R.P.M. 
2000-35000 within + 100 R.P.M. 

Large readable dials, electric 
drive and automatic 1/10 min. or 
1 min. integration of revolutions 
are other standard features. 


Ask for Bulletin 140 men- 
tioning this publication. 






THE STANDARD 
ELECTRIC TIME CO. 


Founded 1884 
SPRINGFIELD 2, MASSACHUSETTS 





HERE’S better, faster 
MOISTURE TESTING 


PORTABLE 
EASY TO USE | 
NO POINTS TO BREAK Wx 
OR MAR. 


ACCURATE DOWN 
TO 0% 


3 VERSATILE 
MODELS... 


L-2, Flat Surface Type: for smooth surfaced materials. 

K-2, Irregular Surface Type: specially designed for rough or 

smooth materials of any contour. 

V-2, Thin Material Type: for thin, smooth surfaced, flat materials. 
Scientific calibration, based on standard method for your trade, supplied with 
each instrument. 

MANY APPLICATIONS—Moisture Register is based on principle of high 
frequency, power absorption. All models have wide field of adaptability, throughout 
all industries—as to materials, methods of use and range of moisture content. 
Special calibrations for specific needs supplied at I cost. 

WRITE TODAY for plete ink , specifying type of material and 
tange of moisture content to be tested. 


MOISTURE REGISTER COMPANY 
DEPT. H, 133 NORTH GARFIELD., ALHAMBRA, CALIF. 


FLELTROME : 
pISTUE 
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* These accurate, compact, 
direct reading gauges—either 
as portable or permanent in- 
stallations — have a wide 
application for measuring 


low range air and gas pres- 





ORO ee Se Ge ae 
GING MERCURY READ WH OUNCES 





sures, 


They are designed so that the 

mercury cannot be lost from 

the gauge either through spilling or over- 
pressuring. They are available in the 3” and 
6” sizes to measure 22 oz. and 48 oz. respective- 
ly. Unit scale graduations are in ounces. Each 
gauge is furnished complete with pet cock and 
necessary mercury. 


Housings of the gauges are of cast semi-steel, 


accurately machined to insure leak-proof 
fitting of all component parts. The housing, 
finished in dull black baked enamel, protects 
on three sides the heavy walled Pyrex, cen- 
trally located tube. Write for Bulletin 3 con- 


taining full details. 


THE MERIAM INSTRUMENT CO. 


10958 Madison Ave. *® Cleveland, Ohio 








MERIA 
MAM 


ESTABLISHED 1911 


OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 


















November 1946—Instruments—Page 673 





1S) RECISIQN-BGRE 





Cylindrical, Tapered or Square Shaped 


F. S. Precision-Bore Glass Tubes are made to exact 
inside dimensions for application where inter- 
changeability and precise bore are required. 

Inside diameter: 0.216mm (0.0085”) to 100mm 
(4”) kept accurate within .01 to .001mm (+.0004” to 
.00004”). For: Manometers, Barometers, Viscosim- 
eters, Flowmeters, Gauges, Pumps and many other 
scientific, technical and industrial purposes. 


Ask for Bulletin PB-298 
Made of Pyrex or Kimble NC. glass 


FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N. Y. 





Tolerances Worth Maintaining 
Are Worth Jo-Block Protection 


When you set up dimensional inspection tolerances, it’s to insure 
a specified class of fit in assembly, or to make sure of parts- 
interchangeability, or for some other good reason. The harder it 
is for an inspector to be sure he’s staying within limits, the 
more it costs. 


So, why not put a set of Ford Jo-Blocks on guard? Make it part of 
somebody’s routine to check every working gage—whether snap- 
gage, micrometer caliper, dial indicator, plug-gage, ring-gage, or 
any other dimensional test device—with genuine Ford Jo-Blocks 
at definite, frequent intervals. Then, you'll Know that everybody 
concerned is ‘“‘speaking the same language” of measurement. 
Chances are, inspection will speed up and rejections will be fewer. 


Jo-Blocks are not expensive. They’re made to three warranted 
accuracy standards—plus or minus .000002", .000004” and 
.000008". Sold throughout the Americas as single blocks or in 
varied sets (metric measurement, too). Extremely useful accesso- 
ries available to expand and facilitate use of Jo-Blocks. 


Jo 


GAGE 


FREE—NEW CATALOG 


Write for catalog No. 17, — 
illustrated applications of dozens 
Jo-Block uses. Address: Ford Motor 
Company, Johansson Division, Dear- 
born, Michigan, Department 1/5. 





BLOCKS 
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torch flame and degassed under vacuum. 
After the gage is mounted it is well to check + 
following: 

1. When the mercury is raised in the gage which is su 
jected to a vacuum of 10-8 mm. of mercury the two levels 
in the capillary tubes should be the same when the mercur 
flow is stopped at various points below the closed end 
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Fig. 127 


the capillary. It may be necessary to tap the capillaries to 
overcome surface effects. 

2. When the gage is read as shown in Fig. 123B, the 
pressure at each mark should be the same. This test is 
made at a pressure of about 10-* mm. of mercury. 

8. Measurements made on the same gas at the same 
pressure should all agree, 

It has been pointed out in the discussion of manometers 
that capillary depressions are effective in a liquid such as 
mercury. It is therefore essential that the capillaries of 
the McLeod gage be tapped with the finger tips to prevent 
uneven effects in the two tubes. 


Accuracy of the McLeod Gage 

The accuracy of the McLeod gage when carefully cali- 
brated is of the order of + 0.5%. The capillary tubes are 
rarely more than 200 mm. long and the mercury columns 
are usually 100 to 150 mm. in length. The ability of the eye 
to set the mercury at a given zero mark and read heights 
is about + 0.2 mm. Since there are two readings for each 
setting, this together with the uncertainty involved in the 

















Here is highest possible accu- 


racy in a scientific instrument 
and at a low price! 


Not only is the new Dillon Thermom- 
eter handsomely styled, it is truly a 
scientist's dream of quality, versality, 
and usefulness. Readily screws into 
tanks, furnaces, stacks, pipes, etc. 
Made of 18-8 acid resistant stainless 
steel. Two dial sizes: 3” or 5” with 
large figures. Comes with 5° or 9 
stem or special lengths to order. 
FOUR ranges: 0-200 F, 50-500 F, 
150-750°F, 200-1000'F. Dillon En- 
gineers will be glad to adapt this in- 
strument to your manufactured prod- 
uct. Write today for folder and low 
price schedule. 


DILLON 


Stainless Steel 


hermometer 
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400 


ye 






Beautifully Finished 
Ruggedly Designed 





W. C. DILLON & C0. 5415 W. HARRISON ST. CHICAGO 44, ILLINOIS 
| RIG AOE, i EEE TIE CTI BR 









WRITE FOR 
CATALOG B-7 
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TWAERS: STANDARD LINE AND SPECIAL 










AUTOMATIC TEMPERATURE CONTROL CO,., INC. 


LOGAN PHILADELPHIA 44, PA 








ST. & GERMANTOWN AVE ° 
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Some controls require “straight-line” 
| movement of the thermostatic bimetal 
element. The shape illustrated is fre- 


quently used in such applications. 








POINT OF REVERSAL OF DEFLECTION 


The original bimetal strip is cut in half, 
reversed and the ends welded together 
as one piece. In this construction the 
higher coefficient of expansion side of 
the bimetal is on the inside of each U 
shape. When the temperature rises, 
the element opens out, automatically 
delivering a pushing force at the free 
end. Cooling of bimetal reverses the 
movement. 


Chace thermostatic bimetals are avail- 
able in 35 types for use in temperature 
operated controls; these bimetals meet 
every condition within the tempera- 
ture range of —100° F. to +1200° F. 
Available in sheets, strips, forms and 
| sub-assemblies. 


WM. CHACE co 








MAbs © 


Thermostatic Bimetals and Special Alloys 
1609 BEARD AVE. « DETROIT 9, MICH. 


November 1946—Instruments—Page 675 








uniformity of the capillary bore, surface tension and w: 
ting effects, causes the error to amount to 0.5 percent. 


Extending The Range of the McLeod Gage 


Several different designs have been used to extend th, 
pressure range of McLeod gages. The gage shown in Fig 
127B is made up of two gages, both of which are filled fron 
the same mercury reservoir. It may be calibrated by eith: 
of the two methods previously described. The gage is b: 
used for reading pressures in large systems where t} 










THE NEW 


Dillon 
MULTI-LOW RANGE 


UNIVERSAL 
TESTER 


~~ | 

























IT’S ACCURATE! IT’S DIFFERENT! compression caused by the mercury in the gage is insignifi 
IT’S MODERN! This outstanding cant. It should be pointed out that when the gage is used 
new tester has FOUR ranges all on systems of small volume the compression due to th: 
reading in ounces for the most pre mercury rise from the cut-off at the large bulb to the fina 
Se, ee aoe ° We eo mercury height must be considered. This gage can be mad 
] sun $s Ju n 
nme greniaa ie son annie to have a range of 10-5 to 25 mm. of mercury. 
catlbreted. with Mend. wotiiie Another gage design is illustrated in Fig. 128. The ga: 
Packed with new features! Color is compressed into a closed tube which is made up of thre« 
coded dial, aluminum grips, elon 
gation scale. Completely motorized rey 
with stepless speed control forward | , 
or reverse 
BM Avtomatic stress-strain re- | 
corder with adjustable magni- | ea 
fication. Also elongation scale. | aS 
| 
rn Limiting switches prevent acci- } * 
dental over-run. Lower grip | 
fully adjustable. Upper grip | 
has ball-socket | 
Comes in various heights for | 
long or short specimens. Tests | 
in TENSILE, COMPRESSION, | 
TRANSVERSE, SHEAR. { 
LOW in price. The perfett | e 
tester for wire, plastics, paper, | d 
ceramics, rubber, etc | 
Write for set of actual photo- 
graphs and complete specifi- 
cations. 
W. C. DILLON & C0., ine. 
5415 w. HARRISON ST., CHICAGO 44, ILL. 












































PRODUCTIMETERS | 


. e | 
into the machines you build... Fig. 128 
, ee . 9 : different tube sizes.* The three side arms have diameters 
you're adding “built-in counting control” . hy @ special which are matched with each size of the closed tube. The 
feature that meets the urgent demand of industry for gage must be calibrated and used as illustrated in Fig. 123C 


and the readings are made on a linear scale. The range of 
this gage is from 10-5 to 1 mm. of mercury. 

In order to extend the sensitivity of the McLeod gage in 
the range of 10-4 to 10-®, the use of Apeizon oil* is recom- 


controlled production. 


You can specify Productimeter counters with the assur- 





ance of accuracy, dependability, long service and sat- mended as a confining liquid. 
isfactory performance in automatic counting. Over A second method‘ of increasing the sensitivity of the 
100 standerd models to choose from | McLeod gage is by the use of a small Pirani or hot-wire 
. gage in the closed end of the capillary. This gage is used 
: P aes ~ after the gas is compressed in the capillary. The measured 
° — a concise reference ook on e e 
Bulletin No. 100 Productimeter Line sent on request. *EpiTor’s NoTe.—This multiple-chamber design with correspond- 


ing side arms is due to L. Dunoyer: Bulletin Société Francaise de 
Physique, 1923, page 246; also “La Technique du Vide” (book), 
1924, pages 64-76. (English Translation “Vacuum Practice,” Lon- 
don, 1926). For recent improvements in Dunoyer gage design see: 
P. Tarbés, Le Vide, Vol. 1, Jan. 1946, pages 9-11.—M. F. BreHar 


DURANT MANUFACTURING COMPANY 


1914 N. Buffum Street 114 Orange Street 
Providence 3. R. I 
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DETAILS 


‘LIQUIDS WORTH STORING ARE WORTH MEASURING’ 


rw LIQUIDOMETER corr 


36-27SKILLMAN AVE., LONG ISLAND CITY,IN.Y. 














CLOSED 





OPEN 


WITH CENTRALIZED CONTROL 
ONE MAN IN ONE PLACE 
CONTROLS EVERYTHING 


ENGINEERED CONTROL to 
meet your own requirements at 
little cr nothing above the final 
cost of individual control units. 


Besides convenience and acces- 
sibility of centralized controls 
here are a few additional ad- 
vantages:— 


SAFETY of dead front enclosure 
with operation of all mechanisms 
from the front offers greatest 
protection to your operator. 


SIMPLICITY of installation and 
wiring results in reduced costs. 


SPACE SAVING with the single 
enclosure is accomplished. 
Frameworks and wall supports 
are not needed. 


WARD LEONARD ELECTRIC COMPANY 
38 SOUTH STREET, MOUNT VERNON, N. Y.® Offices in principal cities 


Let us show you the benefits. 
A Ward Leonard engineer wili 
gladly help you to select a cen- 
tralized control to meet your 
exact needs. 


WARD LEONARD 


RELAYS » RESISTORS » RHEOSTATS 


Electric control = devices since 1892 








When Scfety Depends 
on Electrical Contacts 





Boeing 8-29 


ice 


ay 
the reliable choice is 


KESTER con: SOLDER 


@ In the direction-finding equipment of ships and planes 

. in radar—wherever there’s no margin for electrical error 
—permanent, corrosion-free solder bonds are an absolute 
must. And Kester Rosin-Core Solder provides durable elec- 
trical contacts that hold fast against shock, vibration, twist- 
ing, bending, and the expansion and contraction of tem- 
perature extremes, 


@ In all types of electrical soldering, the same high quali- 
ties demanded by aircraft and marine operation are yours 
when you use Kester Rosin-Core Solder. It means years of 
freedom from service difficulties. The flux—scientifically 
balanced with superior alloys—is right in the core, assuring 
a clean, tight job in one simple operation. Kester Rosin-Core 
Solder is virtually mistake-proof in application. The rosin- 
flux will not harm insulation or cause corrosion. 


@ Equally outstanding for general use is Kester Acid-Core 
Solder. Both Kester Cored Solders are available in a wide 
range of strand and core sizes, flux and alloy combinations. 
Kester engineers will gladly cooperate with you in the selec- 
tion of a Kester Cored Solder custom-made to solve any 
special soldering problem you may have. Write fully. There 
is no obligation. 


KESTER SOLDER COMPANY 
4216 Wrightwood Avenue, Chicago 39, III, 


Eastern Plant: Newark, N. J. 
Canadian Plant: Brantford, Ont. 
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that come from 
careless counting 





ion relies On miscounts and 
neon Pils” ore bound to charge in = 
a oduction schedules... until mistakes G 
aera ossible by up-to-the-minute | 
one fit your war-production machines an 
wenneoneat with Veeder-Root Counting gpranton 
aa delays, shortages and over-runs ae i 
interdepartmental CT iat whet 
i ycanma 
risen et ee patna on Veeder-Root. Write. 


VEEDER-ROOT 


INCORPORATED 
HARTFORD, CONN. | 
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offer 

these superlative 
performance 

characteristics 


electrical efficiency, constant perform- 
ance assured by terminals corresion-proofed by 
exclusive AMP process. 

AMP TYPE PRE-INSULATION—AMP termirial 
and insulation in one. Cuts production costs. Saves 
time in handling, stocking and installation. 
INSULATION SUPPORT—Vibration-proof con- 
nections with AMP Diamond-Grip Terminals. 
Full metallic support of insulation. No fraying. No 
broken wires. No additional installation time. 
One operation of AMP Tool or Die installs 
terminal on wire—complete. 

Only AMP gives all THREE...in ONE terminal. 
Only AMP Terminals meet rigid requirements of 
supersensitive electronic equipment. 

Available in a wide variety of wire sizes, tongue 
shapes and stud hole sizes. 


Write today for your AMP catalog. 


CRN) tena manne anus ne 
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FIGHT “BULLS” 








pressure of the gas as indicated by the Pirani gage is t 
converted to the original unknown pressure by using 
known compression ratio of the McLeod gage. The con 
nation of these two gages can be used to read pressures 
various gases but a calibration of the gage for each ; 


must be obtained before measurements can be made. 17}, 


limit of this gage when air was the confined gas, \ 
according to A. H. Pfund, 1.7 X 10-7 mm. of mercury. 
It should be pointed out that the McLeod gage is ba 
on the accuracy of Boyle’s Law and when this is not va] 
corrections for the deviations must be made. It cannot 
used for measuring the pressure of condensible gases. Pr. 
cautions also must be taken when certain gases are to | 


used as some will attack the mercury of the gage, pa: 


ticularly if there is a slight trace of moisture prese: 
Gases which have a tendency to be absorbed on glass su 
faces also give incorrect pressure readings. 


A 


@ 

















— 
a 


io 





Fig. 129 


The McLeod gage frequently is used for calibrating other 
types of vacuum gages. When used for such purposes, it 
is important that no gas be trapped at the mercury cut-off 


A suitable slanted ring seal below the bulb is fabricated 


as illustrated in Fig. 129A and is assembled as follows: 

1. An 8-mm. tube is opened on a diagonal in the gas 
burner flame. This tube is cut 8 mm. from the diagonal 
cut. 

2. A 16 mm. tube is closed as shown in Fig. 129B. The 
angle of the closure should be approximately the same as 
that of the 8 mm. tube. 

3. The small tube is ring-sealed into the larger tube 
and the bulb is sealed to the ring seal. 

4. The 16 mm. tube is then opened at the extreme end 
and the side tube is sealed over the opening. The seals are 
then carefully annealed. When these seals are properly 
made, the mercury can be raised over the cut-off and the 
entire volume at the ring seal is completely filled. 


BOURDON GAGES 

Many other gages belong in the class which operate on 
the principle of balancing an unknown against a known 
pressure. These gages are used only when experimental! 
studies are made with corrosive gases where mercury can- 
not be used, or when measurements must be made at 
temperatures considerably above room temperature. Gages 
of this type may be made sensitive to 0.1 or possibly 0.01 
mm. of mercury. The gage becomes quite fragile if it is 
made for high sensitivity. 

A glass Bourdon gage is shown Fig. 130A. The thinwalled 
tube which is shaped in a semi-circle is deformed when a 
pressure gradient exists between the inside and outside of 
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MOELLER 








Alnor PYROCON 


... the contact pyrometer for quick accurate 
surface temperatures .. . 


This convenient, all-purpose surface temperature pyrom- 
eter is ideally suited to a variety ofindustrial plant needs. 
Accurate temperature readings are obtained in a few 
seconds of plastic materials, liquids, oils, and similar 
materials, and of flat or curved, stationary or moving 
surfaces. 

The Pyrocon shock-resisting movement is used with 
any one of eleven types of thermocouples, interchange- 
able without adjustment or re-calibration. Choice of 
rigid or flexible arms, or both, instantly interchangeable. 
Built in several standard ranges, 0-300 deg. F. to 0-1200 ee Ne. 2163 No. 1649 \4 Ne. 1623 \4 We. 2143 \) 2040 


deg. F. Write for Bulletin 3511 giving complete description. 
ILLINOIS TESTING LABORATORIES INC. SLING PSYCHRO METE R s 








































142 WEST HUBBARD STREET n | 
CuUICAGO 10, ILLINOIS | 
= i 

9 i 

a i 

ye 1 

No, 653 ‘ 

No. 700 


is the Moeller Warranty of 
complete customer satisfaction. 


"tls ” Practical Research and engineering development 

STANDARD FOR TESTING OTHER GAUGES —factory pre-testing and all-inclusive quality 

control assure you of Moeller Products that are 

oe as the standard for testing pressure read- designed to meet your requirements and give 
ngs with dead weight accuracy, Heise Extreme | years of lasting service. 


Precision Gauges provide the quickest reliable way 


of testing: (1) new ordinary gauges, (2) inspector's ° 
gauges, (3) for faster results where dead weight Send for catalogs and literature on 


testers have been used. | INDUSTRIAL, LABORATORY AND RECORDING THERMOMETERS 
THERMOSTATS * HYGROMETERS * HYDROMETERS * PSYCHROMETERS 
and MARINE SPECIALTIES 


oo ms MOELLER INSTRUMENT COMPANY 
ON TUBE LABORATORIES 132nd STREET and f RICHMOND HILL 


_ NEWTOWN, CONNECTICUT ne aiid pape be yn 
in 2 ae » 


Se Whit THE A. H. EMERY COMPANY OFFICES IN PRINCIPAL CITIES 


RANGE FROM 0-15 TO 0-16,000 P.S.I. 


ae 151.80 
12” DIAL .........172.80 & 165.60 
es one 45 enh 201.20 & 194.00 | 













November 1946—Insiruments—Page 679 





For recommendations just tell us 
what you want to accomplish. 


Pradustami , Company 


702 W. JACKSON BLVD., CHICAGO 4, ILL. 


Manufacturers of Counting, Timing and Recording Devices 











Announcing the publication of 


Mechanical Measurements 
by Electrical Methods 


By HOWARD C. ROBERTS 


Special Research Associate Professor of Civil Engineering, Uni- 
versity of Lllinots. (For many years in Research Laboratory, 
Association of American Railroads.) 


Typical of the comments received while 
this book ran as a serial in Instruments: 


“. . . T appreciate the thoroughness with which the sub- 
ject is being treated.” “We are sure that your articles will 
be widely read, for it is a subject certainly in need of the 
correlation you are giving it.” “. . . 1 am glad to find 
that you have done so exhaustive a job on the subject.” 
“We have made reproductions of these articles and have 
them :n our files for reference as we feel that much valu- 
able information is contained therein.” “These articles 
would be of great help to us in our scientific research work 
since they introduce some novel measurement techniques.” 


ORDER THIS UNIQUE BOOK NOW 








See ee BBSQeeeeeBee BBB SESE i 

. 
Instruments Publishing Co. r C 
1117 Wolfendale St., Pittsburgh 12, Pa. ‘ heck, 

‘ 
Enclosed is $—_________for______copies of # Money Order 
Roberts “Mechanical Measurements by Elec-# or Cash 
trical Methods” at $3.00 each, postpaid. ‘ M 

t ust 

ame « 

- , Accompany 
Address. : Order 

, * 
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Fig. 130 

















the tube. The gage is used as a null-point instrument since 
a known pressure must be used on one side of the tube 


to bring the unbalanced tube to a zero point. 
To be continued 
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AMTHOR 


TENSILE STRENGTH 


TESTERS 







PAPER 
CORDAGE 
RUBBER 
LEATHER 
WIRE a4 
FLAT MATERIALS J 


PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO. INC. 








48 Van Sinderen Ave., Brooklyn, N. Y. 














RIGINAL DHNER 


“THE MACHINE TO COUNT ON" 





A HANDY CALCULATOR 


FIGURES FAST— 
When and Where You Need Them 


HERE’S THE ANSWER to 
management’s demand for a low 
priced, fast calculator. Entirely 
portable. Ready to go any place 
—any time. Hundreds of auxil- 
iary uses in large organiza- 
tions. Keep one on every desk, 
where quick calculations are 
necessary. 


SAVES TIME AND MONEY 
EFFORT AND ERRORS 


Sole Distributor: 


IVAN SORVALL 


—_-o-— 


Ask for Bulletin DO-113 











Halhaway 
TYPE $12-A OSCILLOGRAPE 


yl ie ‘i i" 





/e 
. See TYPE $12-A OSCILLOGRAPH com- 
bines for the first time laboratory accuracy and completeness, 


with portability. 


Outstanding features: Interchangeable galvanometers 
covering both high sensitivity and high frequency ranges. 
Magazine loading of either photographic paper or film, 6” 
wide by 100 or 200 feet long, instantaneous and in daylight. 
Viewing screen for observation while recording. Adjustable 
record speed, 10 speeds from 1/2 to 48 inches per second, 
selected by change gears. Precision optical system produces 


records of highest quality. 


Automatic features: Record length control to produce 
records of predetermined length from 1 to 18 feet. Record 
numbering device photographs consecutive numbers on con- 
secutive records. Time lines of 1/100 to 1/10 second spac- 
ing automatically photographed on the record. Lamp 
brilliancy control. 


Write for technical bulletin SP-167. Hathaway Instru- 
ment © 1315 So. Clarkson St., Denver 10, Colorado. 
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DC 702 and DC 703 


Silicone Diffusion Pump Fluids | 


STABLE TO AIR AND MOISTURE 
AT OPERATING TEMPERATURES 





@ In electron microscopes 

@ In metal evaporator systems 

@ In producing vacuum tubes 

@ In dehydrating foods or pharmaceuticals 


Never before have there been diffusion pump oils 
producing vacua up to 5 x 10% yet able to 
withstand atmospheric pressure at operating 
temperatures without appreciable decomposition. 

DC 702 and DC 703 have those properties. 
Their vapor pressures are as low or lower than 
the best organic diffusion pump oils: recovery 
times after exposure to atmosphere at operating 
temperatures are much faster. Ultimate vacuum 


obtainable with DC 703 in a three-stage glass | 


pump without cold traps is less than 5 x 10% mm. 
DC 702 has a lower boiling point, operates 
against a higher forepressure and produces 
vacua in the range of organic diffusion pump oils. 
Additional information about DC 702 and DC 
703 is contained in pamphlet No. P 9-2. 


SILICONE FLUIDS FOR DAMPING APPLICA- 
TIONS—Because of their inherent stability and 
exceptionally flat viscosity temperature slopes, 
DC 500 and DC 200 Fivids in viscosities ranging 
from 0.65 to 1000 centistokes and upward are 


ideally suited to damping and hydraulic applica- | 


tions. 
For additional data on DC Silicone Fluids write 
for catalog No. P 1-2. 


DOW CORNING CORPORATION 


MIDLAND, MICHIGAN 


Chicago Office: Builders’ Building 
Cleveland Office: Terminal Tower Building 
New York Office: Empire State Building 
In Canada: Dow Corning Products Distributed 
by Fiberglas Canada, Ltd., Toronto 
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In this department we report each month new devices for 
measurement, inspection, testing, metering and automatic con- 


trol—in the form of concise technical descriptions. For further 
information use the postage-free Order Card on page 711. 





| 
with Pneumatic Tracking 








| 
Fig. 1 
| 


even stiff paper: there is no wear of tem- 
plate. Circle inset in Fig. 1 shows ease of 
changing templates, which is important in 
short production runs, New unit is designed 
to obviate need of constructing costly cams 
and to remove travel limitations inherent in 
mechanical cam mechanisms. It is claimed 
that there is no limitation in power amplifi- 
cation, which can be a few pounds or several 
j tons of output, for practically no input 
| force. Torque necessary to move template 


























binds 4 
Se | 
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Fig. 2 





‘Hydraulic-power Follow-up System 


New “Follow Up Unit” is an air-coupled 
hydraulic unit which will follow the contour 
of a template cut from light-gage stock or 


cam is practically nil. Operation is explained 
in Fig. 2: part of air from nozzle A blows 
across edge of template B to nozzle C. Regy- 
lator D maintains pressure P constant and 
thereby maintains nozzles opposite edge of 
template B, simultaneously positioning | 
rod. System is stable and has an accuracy 
of about two thousandths of an inch, with 
a speed of 20” per minute, in its standard 
design. In addition to use with templat< 
unit can be used for “tracking control’ of 
running material such as paper, where me- 
chanical tracking is difficult or impossible 
Askania Regulator Co., 1603 8S. Michigan 
Ave., Chicago 16, Illinois. 

Please mention number 1101 when filling out card 





Ferrous-materials Comparator 


New “Ferrograph” utilizes correlation b« 
tween magnetic and metallurgical proper 
ties, makes possible determination of con 





position and condition of ferromagnetic ma 
terials by magnetic testing, with a cathode 

ray tube indicator. Principle is harmonic 
analysis of induced voltage in secondary of 
a transformer with test sample as core. By 
indicating amplitudes and phase angles of 
fundamental and third harmonic compon- 
ents, “Ferrograph” is said to be suitable for 
use by unskilled industrial personnel. It uses 
an energizing field of a frequency below 
25 eps., with magnetic field reversals slow 
enough for an appreciable effect to be ob 
tained from remanent magnetism. “Ferro- 
graph” is housed in 14” x 18” X 24” steel 
case equipped with two carrying handles, is 
completely self-contained with its own power 
pack, operating on 110-volt a-c. supply 
weighs 115 lbs.—Allen B. Du Mont Labs 

Inc., 2 Main Ave., Passaic, N. J. 

Please mention number 4 1092 when filling out card 





Synchroscope 


New synchroscope is specially designed 
for visual examination of fine structure of 
periodic wave-forms in television, puls¢ 
time modulation, sonic depth-finders, geo 
physical exploration and loran equipments 
It includes a 5” cathode-ray oscilloscope 
trigger generator for synchror‘zuation ; spac« 
for addition of a video ampi:fier and r-f 
envelope viewer; adjustable time dela) 
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phasing circuits; and seven input con- | 
nectors and selector switch for rapid view- 
ing of separate external circuits. Many 
combinations of trigger and sweep pulses 
may be produced to feed synchronizing } 
pulses to a variety of external equipments 

at pulse repetition frequencies up tu several 
thousand per second. Synchronized voltage 
wave-forms are produced on c-r. tube screen 

for visual study. Sweep speeds of 0.01; 
0.05; 0.2; 1; 2; and 5 in./usec. with a 
minimum sweep amplitude of 4” on a 5” c-r. 

tube are provided. Sweep may be started 
with external positive or negative signal; 
delayed up to 90/usec. from internal trigger ; 

or sweep repetition frequency may be de- 
termined by internal or external trigger. 
Internal trigger output characteristics pro- 
vide a repetition frequency of 500, 1000, 
2000 and 5000 pps., a positive pulse reach- 

ing 200 volts minimum in 0.3/usec., adjust- 
able in time from 75/usec. before to 
25/usec. after start of sweep. New syn- 
chroscope is rated at 200 watts, 105-125 
volts, 50-60 cycle a-c. and is supplied with 

or without an r-f. detector and video ampli- 
fier.—LHlectronics Div., Sylvania Electric 
Products, Inc., 500 Fifth Ave., New York | 
Gm. 7. 

Please mention number 1103 when filling out card 
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Dial Indicators Sensitive to ; 

- Ten Microinches | 
New “Super” series of master checking al ARNOLD T I e rd & 4 % 


dial indicators is characterized by low 
NO CEILING ON QUALITY 


values of internal friction (less than 10 

We are not satisfied merely to offer you magnets which come 
up to the proposed R.M.A. standards . . . this is our minimum 
requirement. A quality floor below which we refuse to go. 





ON AP cables 


Nor are we satisfied that ordinary production and inspection 
methods offer you adequate quality protection . . . we individually 
test each Arnold magnet in a loud speaker structure before shipment. 


Another “individual touch" which has contributed to winning 
industry-wide customer acceptance for Arnold magnets is our estab- 
lished minimum standard of 4,500,000 BHmax for Alnico V material. 





Over five million Arnold loud speaker magnets of the R.M.A. type 
have been produced since V-J Day under these quality safeguards. 
, Continued adherence to them assures you of long-lived, dependable 
a 7 ee Ps | product performance. 





srams) and contact pressure (50 grams) In the mass-production of magnets, the Arnold "individual 
so that indicator can follow variations in " ‘ ; 

Gimansions as small as ten microinches. touch” does make a difference. Let us give you the whole story. 
Announcement states that practical read- 
able accuracy is % of a “tenth” division, 
or 25 microinches, Overall bezel diameters | . . 
of new models are those of maker’s “200” NJ k ICINER i he ) a‘ 
and “300” Series, 2%” and 2%”, respec- oak ARNOLD (NGINEERING COMPANY 
tively. Graduations are 0.0001”. Range is a set tet niceqammadl tliinioes enein cauic 

0.008”, with dial either balanced (4-0-4), ——— A 

or continuous (1-0-8). Every bearing is 147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 
jeweled. Applications of new indicators are 
as master check; both in toolroom and on 
production line; as surface analyzers (with 


Specialists in the manufacture of ALNICO PERMANENT MAGNETS 
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Keep your Business e 


5 Humming 


with Air Express d 


@ money-making tool 
for every business 


When critical materials, tools, dies, parts 
or machinery are needed fast to prevent 
costly production delays in your business 
— GET IT BY AIR EXPREss and let this 
fastest delivery service pay its way many 


times over. 


Rates are drastically down from pre- 
war days — a new economy that makes 
this service a greater money-making tool 


than ever, for thousands of firms 
throughout the nation. 


iy 


tf 
\ is 


Opecity Air Express-a Good Business Buy 


Shipments go everywhere at the speed of flight between 
principal U. S. towns and cities, with cost including special ain 
pick-up and delivery. Same-day delivery between many air- 


port towns and cities. Fastest air-rail service to and from 
















RATES CUT 22% SINCE 1943 (U.S. A.) 





mines 2 tbs. | 5 tbs. | 25 tbs. | 40 tbs. 


Over 40 tbs. 
Cents per ib.) 





$1.00 | $1.00) $1.00) $1.23 3.07< 





102; 118) 230; 366 Plt 








149 
49 
$49 107 | 142/ 384) 614 15.35< 
049 























23,000 off-airline communities in the United States. Serv- ; A BO BL 
i ‘ 2349 145) 3.53) 1765) 28.24 70 6l« 
ice direct by air to and from scores of foreign countries in Over | na7| 348| ren] avar| 73.48 


the world’s best planes, giving the world’s best service. 
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INTERNATIONAL RATES ALSO REDUCED 















GETS THERE FIRST 


Write Today for the Time and Rate Schedule 
on Air Express. It tains illuminating facts 
to help you solve many a shipping problem. 
Air Express Division, Railway Express Agency, 
230 Park Avenue, New York 17. Or ask for it 
at any Airline or Railway Express office. 





Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY 
Representing the AIRLINES of the United States - 


| cuits. 





| a diamond contact) to check trueness an, 
| finish of ground surfaces, chattar of tool, 
| or work, etc. All outside dimensiOMs of ney 
indicators are in accordance with AGDc 
standards. A variety of backs, to suit de. 
sired mounting, is available.—B. C. Ames 
Co., Waltham 54, Mass. 
Please mention number 1104 when filling out 





Phase Sequence Indicator 


New Phase Sequence Indicator is rugged), 
constructed for industrial use, while bein: 
of laboratory grade and suitable also fo; 





classroom use in study of vector relations 
Unlike conventional types of phase sequenc« 
indicators which include a small polyphasx 


motor, this new instrument has no moving 


parts, no leads to connect to indicator and 
no separate taps for different voltage cir 
Operating principle is based on 


| circuit: one leg pure resistance with gas 
| discharge tube as voltage indicator; othe 


two legs capacitive and inductive. Instru- 


| ment is suitable for 50- to 60-cycle operatior 
| and can be applied to voltages from 100 t 





1000. Walnut carrying case (11” K 5%” » 
7”) has compartment for 6-foot leads.— 
Measurements Corp., 116 Monroe St., Boon 
ton, N. J. 


Please mention number 1105 when filling out card 





Vacuum-gage Tubes 


New Pirani tubes, for continuous direct 
readings of low gas pressures, are suitable 
also as leak detectors in evacuating appa- 





| ratus and for pressure recording and auto- 


matic-control equipment. They are designed 
with tungsten filaments having a high tem- 
perature coefficient of resistance permitting 
direct readings of gas pressures. Matched 
pairs of Pirani tubes are recommended for 
greater accuracy: one tube sealed into 
evacuating system, reference tube opened to 
surrounding air or filled with a specific gas 
to a standard pressure (both mounted in 
close proximity to provide same ambient and 


| installation shielded from radiant heat or 


air currents). Readings may be obtained 


with + 5% accuracy within a pressure 
range of 1 to 1000 microns, Tubes are 
supplied in Nonex glass envelopes with 
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Over-all length is approx. 8”. Tubes are 
designed to operate at 1.5 volts, 100 ma. 
Cold resistance of filament is 6.6 ohms. Hot 


resistance at 100 ma. in evacuated tube | 


ranges from 15.5 to 17.0 ohms.—Electronics 


Div., Sylvania Electric Products Co., 500 | 


Fifth Ave., New York 18, N. Y. 
Please mention number 1106 when filling out card 





Electron Tube Testers 


Two new electron tube testers, “Type 139” 
(counter) and “Type 140” (portable), are 
suitable for shop, home, industrial electronic 





applications, automobile and mobile radio 
equipments. Checks of receiving type tubes 
used in broadcast receivers, FM, television, 
industrial electronic controls and photoelec- 
tric devices may be made under dynamic 
conditions and without damage to tubes. 
Design of new testers includes extra sockets 
and switch contacts for modernization as 
new types of tubes are developed. Both in- 
struments are supplied for 105-125 volts, 
50-60 cycle a-c. operation and are rated at 
20 watts.—Radio Tube Div., Sylvania Pleo- 
trie Products Inc., 500 Fifth Ave., New 
York 18, N. Y. 
Please mention number 1107 When filling out oard 





Aircraft VHF Receiver 


New “RV-1-B” crystal-controlled fixed- 
frequency VHF receiver is specifically de- 
signed to meet requirements of airlines. 





hi 
be A Se 


Using 140 volts plate supply, and with a 
panel 5%” high, “RV-1-B” produces an 
undistorted audio output of 1 watt over a 
frequency range of 100 to 162 Mc. with a 
signal-to-noise ratio of better than 2:1 for 
a 2-microvolt signal modulated 30%. Am- 
plified AVC audio output changes less than 
4 db for signal inputs between 10 and 
100,000 microvolts.—Radio Receptor Com- 
pany, 251 West 19th Street, New York 11, 
N.Y. 
Please mention number 1108 when filling out card 





Oxygen Indicator 


New “Type C Oxygen Indicator” for meas- 
uring oxygen content of gaseous mixtures 
features an electrolytic detector cell is made 
up of a plastic container with a hollow car- 
bon tube and metallic plate serving as elec- 
trodes in approx. 1 oz. of liquid electrolyte. 
Polarization in cell causes hydrogen to be 
deposited on carbon pole. When a gas sam- 
ple containing oxygen is passed through 
hollow carbon electrode, diffusion through 
porous carbon causes oxygen to combine 
with “electrolytic hydrogen,” reducing in- 


tubulation for direct sealing into apparatus. | 
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MICROTORQUE POTENTIOMETERS 


for Remote Recording 


Solve remote control and position repeating problems by 
adapting Microtorque Potentiometers to your particular 
needs, Built like a fine watch, Microtorque Potentiometers 
convert mechanical movement into proportional electrical 
voltages without causing excessive drag in sensitive mechan- 
ical measuring systems. A simple yoke adaption to the instru- 
ment pointer makes these tiny, ultra-low torque units ideal 
for take-offs from low torque indicating instruments. Micro- 
torque Potentiometers may also be used as primary control 
elements in bridge type circuits to operate directly recorder 
controllers, recording galvanometers, oscillographs, polarized 
relays, and telemetering circuits. 





FEATURES: 


Vibration-proof 4 to 55 cycles up to 6 G. 
Resistance values 100 to 2500 ohms. 
Higher ranges on request. 

Input torque less than .003 or. in 

Power dissipation of 2 watts. 

Linearity 2% or better. 

Weight less than % ounces. 

Size 1% x 1%”. 









Monvtocturers of remote pressure transmitters, contro 






od 


A Division of G. M. Giannini & Co., Inc. 











ASADENA 5, CALIFORNIA 





November 1946—Instruments—Page 685 


UE REDUGED.IO A MINIMUM 


and aircraft compasses 


HT INSTRUMENTS 


ST CALIFORNIA STREET 





Fnout or Rear Suyace 


R 
MTR TE CTORS 


FOR TELEVISION, 
ELECTRONIC, OPTICAL, 
and SCIENTIFIC APPARATUS 


Front or Rear Surface Mirrors and Re- 
flectors made to your specifications. 
Closest optical and dimensional toler- 
ances observed. 
@ EXCEPTIONAL REFLECTIVITY 
@ WILL NOT TARNISH 
@ OPAQUE OR SEMI-TRANSPARENT 
@ HEAT RESISTANT 
@ PROMPT SERVICE 

vite your inquiries. Samples and 
aa be submitted promptly. 


Let Zenith help solve your Mirror and Reflector problems! 












123 WEST 64th STREET 
NEW YORK 23, N. Y. 









SPECIALISTS IN 
CUUM DEPOSITION 





STATHAM 
PRESSURE TRANSMITTER 


"Your Drilling 


art tHe Ri ght SPEED 






THE Right 
DRILL SPEED 


The simple means for electrical re- 
mote indicating or recording of gas 
or liquid pressure. Natural Frequency: 
1000 cps. Input: DC at 50 milliam- 
peres Full Scale. Output: as high as 
150 microamperes. No amplification 




























The right drill speed is instantly avail- 
able with Electro-Mechano finger-tip 
speed control. The right speed is main- 
tained without further adjustment re- 
gardiess of the number of pieces or the 
type of material drilled. 


8” Bench Drill Press 

Drill heads available for multi-drill produc- 
tion set-ups — will operate in any position. 
1000 to 10,000 or 2500 to 15,000 RPM 


speed range 
For holes .004” to 5/32”; .0001” chuck run-out 
Bulletin 104 


The ELECTRO-MECHANO Co. 


26! E. Erie Milwaukee 2, Wis. 











needed. Operates panel type meters 
or high speed recorders directly. 
Types for gage, differential, or abso- 
lute pressure measurements. Full scale 
ranges from 0-1! psi to 0-50 psi. 
Other models to 10,000 psi. 


Simple - Accurate - Stabie - Compact 


INSTRUMENT MAKERS 


8222 BEVERLY BOULEVARD 
LOS ANGELES 36, CALIF. 
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ternal resistance of cell and increasing \ 
age output. A direct-reading indicator wit 
linear scale indicates percent of oxygen j 
sample. New Oxygen Indicator is availab). 
in four full-scale ranges: 0 to 0.5%, 0 1 
5%, 0 to 10%, and 0 to 25%. An adjustab), 
high-point contact can be used for actuatin; 
warning signals or control circuits whe; 
ever oxygen concentration exceeds a pred: 
termined limit.. New Indicator requires 4 
sampie flow of only 25 to 75 cc. per minut 
Calibration and zero-adjusting circuits ar 
independent of each other. Provision is als: 
made for attachment of recording instrv- 
ment.—Mine Safety Appliances Co., Brad 
dock, Thomas, and Meade Sts., Pittsburgh 
Penna, 

Please mention number 1109 when filling out card 





Miniature Selenium Rectifier 
to Replace Rectifier Tubes 


New “5M1” miniature five-plate selenium 
rectifier is designed to replace such rectifier 
tubes as 25Z5, 35Z5, 117Z6, 0Y4 and others 





Measuring 1” X 1” and occupying less tha: 
1 in.3, new unit is said to feature high 
current capacity and low loss, thereby 
assuring ample safety factor and long life 
It will not break and its simple installation 
saves assembly time. Cooler operation of 
equipment is assured. No warm-up time is 
required. “5M1” is to be used with 25-ohm 
series resistor and maximum capacitanc 
of 40 mfd, Maximum continuous current is 
100 ma, at an ambient temperature of 35° C. 
D-c, output voltage and maximum a-c. input 
voltage 130 volts. — Seletron Div., Radio 
Receptor Co., 251 West 19th Street, New 
York 11, N. Y. 
Please mention number 1110 when filling out card 





Pump Safety Controllers 
New “Protectrol” prevents deep well or 
centrifugal pumps from running more than 
a predetermined interval without discharg- 








Bi ea hE SEL ae 



































mg water; is not a primary control device 
for automatically starting pump but is used 
in conjunction with either manual or auto- 
matic primary control: it is inoperative 
unless primary control has called for pump 
operation by pulling in the starter. It is 
available in two types. “Class I Protectrol” : 
(1) stops pump if water is not discharged 
within a definite interval after starter is 
energized ; (2) locks starter out irrespective 
of primary control until “Protectrol” is man- 
ually reset; (3) energizes audible alarm 
circuit the moment “Protectrol’” stops pump ; 
(4) simultaneously lights built in warning 
light which continues to burn until “Pro- 
tectrol” is reset; (5) is equipped with auto- 
matic reset type Alarm Silencer which per- 
mits silencing while trouble is corrected; 
(6) pushing reset button restores all circuits 
to operate again as occasion arises. “Class 
II Protectrol”: (1) stops pump if water is 
not discharged within a definite interval 
after starter is energized; (2) locks starter 
out irrespective of primary control until 
manually reset. (Note that “Class II Pro- 
tectrol” does not operate either alarm bell 
or light.) Automatic Control Co., 1005 Uni- 
versity Ave., St. Paul 4, Minn. 
Please mention number 444] when filling out card 





Electronic Counters in Multiple 


New “Potter Electronic Ceunter in Mul- 
tiple’ consists of five “Model No. 69-3 Dual 
Predetermined Electronic Counters,” in each 


. 
fy 


5, tH, 
pod pl 
e 





of which three 4-tube decades are em- 
ployed. Counting rates as high as 12,000 per 
minute may be attained. For actuating in- 
put to counter a simple contactor or a 
photoelectric pick-up may be used. Output 
is provided with a single-contact double- 
throw high-speed relay for initiating con- 
trol function (most often performed by a 
fast-acting solenoid). Modifications of this 
equipment are available to satisfy specific 
requirements.—Potter Instrument Co. 1386-56 
Roosevelt Ave., Flushing, N. Y. 
Please mention number 1112 When filling out card 


Multiple Switch for Switchboard 
Instrument Testing 


New “Flexitest” test switch for rapid 
testing of switchboard instruments, meters 
and relays from front of board is available 
in models with up to ten elements and 
rated at 250 volts, 30 amperes. Combina- 
tions of current and potential switches are 
included as required for the various types 
of instruments to be tested. Safety and 
accuracy are enhanced by construction 
whereby a plug properly connected to the 
test instruments can be used to check, from 
front of board in rapid succession, all meters 
or instruments of a particular type. 
“Flexitest” switch is enclosed in a black 
Moldarta case with cover of similar material 








yy 
HELICOID CARTRIDGE SNUBBER 











‘eee THE SIMPLEST OF ALL 


PRESSURE GAGE SNUBBERS 


...- for use where pulsations of gage pointer 
make accurate reading difficult or impossi-— 
ble. Damping action assured by porous 
cartridge of compressed, powdered bronze, 
threaded into gage socket or into snubber 
body. No adjustments ever needed. Specific 
porosity of cartridge makes it effective for 
required service — air, gas, water, steam 
or oil. Available for all pressures up to 
10,000 pounds. May be supplied with 
Helicoid Gages or bought separately for use 
with other gages. 





i, 


HELICOID — 


A DIFFERENT KIND OF PRESSURE GAGE 





The unique design of the Helicoid movement — 
with cam and helical roller instead of 

gears — obsoletes conventional type pressure 
gages. A Helicoid Gage will maintain its 
guaranteed accuracy longer — a fact proved 
in thousands of installations. For complete 
information, write for our Catalog DH-818. 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE 
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Littelfuse precision-built fuses are 
so inexpensive that every manufac- 


turer can effectively protect his product and reputation 
at relatively small cost. Complete range of types and 


sizes for instruments, small motors, radio and elec- 


tronic circuits, automobile, aircraft and marine instru- 
ments, and all types of electrical equipment. For com- 


plete information on these and other 


ittelfuse quality 


products, send for Catalog No. 9. . . just off the press. 








METER-BACK MOUNT- 
ING for BAG fuses. 
Mounts direct on one 


meter binding post and 


FUSE EXTRACTOR POST for 8AG 
fuses. Finger operated. Also 
available with screw-driver slot 
knob. A quicker, safer, simpler 
method for mounting and chang- 
ing fuses. 


LITTELFUSE- 


4765 N. RAVENSWOOD AVE. 


WITE-T-LITE + SWITCH-LITE + IGNITION-FRITZ + NEON INDICATORS + SWITCHES + CIRCUIT BREAKERS + FUSES, MOUNTINGS AND ACCESSORIES 






‘a 
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wire connects to screw 
of Mounting. 
Overall length only 12”. 


terminal 


A 


8AG FUSE. ‘Quicker than a 
short circuit.'* Precision designed 
and built. Note bridge-type con- 
struction which protects the del- 
icate filaments in fuses of very 
low fractional amperage. 


Qreoypoaled 


CHICAGO 40, U.S.A. 








HARDNESS 
TESTING... 


done WITH NO METAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 39 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica 2, N. Y. 











RAWSON 
SEMI-SUSPENDED 


METERS 





Type 503 


for Ultra-High Sensitivity 


0.5 Microampere Full-Scale (7000 ohms) 
0.24 Millivolt Full-Scale (10 ohms) 
High Resistance Voltmeters (Megohm per 
Volt). Many other ranges. 
Accurate Portable Meters need no level- 
ing. Will often replace light-beam gal- 
vanometers or vacuum tube voltmeters. 
Write for bulletin 
WE ALSO SUPPLY 

REGULAR DC METERS 
THERMOCOUPLE AC METERS 
MULTIMETERS 
FLUXMETERS 
ELECTROSTATIC VOLTMETERS 

Special apparatus built te order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112 POTTER ST., CAMBRIDGE, MASS. 
Representatives 
CHICAGO LOS ANGELES NEW YORK CITY 
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that blends with instrument and relay cases 
and with panels. Its width is such that t 
can be mounted on the same centerlines as 
standard instruments and relays, Individua] 
switches are of knife-blade type and 
separated by barriers. Switch handles are 
recessed for inserting identification cards 
and each is drilled for insertion of an 
interlocking bar to tie together any three 
adjacent handles. Right-hand switch, when 
used for a trip circuit, is provided with a 
red handle for easy identification. Means 
are provided for attachment of spring clips 
when individual test leads are used instead 
of a test plug.— Westinghouse Electric Corp., 
P. O. Bow 868, Pittsburgh 80, Penna. 
Please mention number 1113 when filling out card 





Selenium Rectifier Elements 


New 5” X 5%” selenium rectifier plates 
built on aluminum were developed specifi- 
cally for high current capacity, are espe- 
cially applicable for electroplating and bat- 
tery charging, but not limited to this use. 
New plates are said to combine long life and 
minimum weight with maximum heat dis- 
sipating value.—Selectron Div. of Radio Re- 
ceptor Co., Inc., 251 W. 19th St., New York 
11,38. ¥. 

Please mention number 4444 when filling out card 





Remotely-adjusted Regulating 
Valve 


New “Class LT-3” single-seated internal- 
pilot piston-operated reducing valve de- 
signed to be remotely adjusted from a con- 





veniently-located “Type ARP” air-loading 
panel, is especially adaptable to process 
piping arrangements that require hazard- 
ous or inconvenient readjustments of in- 
accessibly-located valves to meet changing 
conditions. Air-loading panel includes a 
small 4%” combination pressure reducing 
and relief valve (no continuous leak-off) 
mounted on a panei containing an adjusting 
knob and a large easily-read air pressure 























LS 
ys 


2. 


i- 











gage. In eperation, reducing valve is ad- 
justed to desired pressure setting by air 
pressure supplied by air-loading panel. Con- 
stant loading force on upper diaphragm of 
reducing valve opens controlling valve and 
is balanced by a constant reduced pressure 
proportional to loading force, thereby main- 
taining a constant reduced pressure. Fur- 
nished in high-pressure bronze or cast steel 
pody with flanged er screwed ends, new 
yalves have completely-interchangeable re- 
placement parts, stellited seat rings, and 
hardened stainless-steel 800-Brinell main 
yalves as standard equipment.—Leslie Co., 
925 Delafield Ave., Lyndhurst, N. J. 

Please mention number 4415 when filling out card 





Amplifier 
New “450A” wide-band amplifier for gen- 


eral purpose or laboratory use is said to 
provide unusual stability at 40-db or 20-db 





~ 


is® 


gain. Low phase shift is assured by a 
straightforward resistance-coupled ampli- 
fier design, together with inverse: feedback. 
Frequency response is flat within % db be- 
tween 10 and 1,000,000 cycles. Input im- 
pedance is 1 megohm shunted by 15 mmfd. 
Internal impedance is less than 150 ohms 
over entire range. Varying tube voltages or 
aging tubes are said to have no appreciable 
effect on gain or other characteristics. New 
amplifier operates from a 115-volt 60-cycle 
power supply; and when used in conjunc- 
tion with maker’s “400A” Vacuum-tube 
Voltmeter, increases voltmeter’s sensitivity 
by 100 times (300 microvolts full-scale) at 
40 db. At 20-db gain, sensitivity is multi- 
plied 10 times (3 millivolts full-scale). Both 
instruments have identical base sizes to 
permit easy stacking and short leads.— 
Hewlett-Packard Co., Palo Alto, Calif. 


Please mention number 1116 When filling out card 





Vacuum-tube Voltmeter 


“Series 200A” new vacuum-tube volt- 
meter has full-scale sensitivity of 0.5 
volt for use at radio and audio fre- 





quencies, Stray capacitances and detuning 
effects are minimized by bringing voltmeter 
input connections as close to circuit to be 
measured as possible: by lead wires or by 
a contact-clamping fixture for production 
work. Unit has an external probe to which 





Fa 


To test 


performance 





over-all 





Pe 


@ This unit, generating its own 
frequency or synchronized from an 
external source, will be found in- 
valuable in many fields. FM, AM 
and Television Broadcasting— 
Telephone and Telegraph Commu- 
nications— Manufacture of Trans- 





QUARE-WAVE GENERATOR 


| 





@ Many additional functions will 
recommend it for use in school and 
college research projects and in 
scientific laboratories. 

oe e * 
For additional information write: 
Electronics Department, 


General Electric Company, 
Syracuse 1, New York. 


mitting and Receiving Equipment 


a and Parts. 


Electronic Measuring Instruments 


GENERAL@&G) ELECTRIC JX 


164-681 
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The operating motor in a pre- 
TYPE K MOTOR IN cision instrument is the heart of 
BRISTOL PYROMETER that instrument. Unless it per- 
forms properly, the rest of the 
mechanism is useless. That’s why 
the choice of a motor is a big 
factor in instrument design. 

Bodine motors are found in 
many important instrument appli- 
cations, because long use has 
demonstrated their reliability. Not 
only are they widely used in pro- 
duction instruments such as the 
one shown at the left, but also in 
many laboratory devices. 

If you have a motor application 
problem, why not let Bodine engi 
neers help you. Bodine Electric 
Co., 2244 W. Ohio St., Chicago 12, 


The Bristol Pyromaster Pyrometer 
shown is one of a series of similar 
instruments in which the Bodine 
motor operates the potentiometer, 
or measuring, device. 

















FRACTIONAL 
HORSEPOWER 


MOTORS 
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BODINE 








INKLESS 


TEMPERATURE 
RECORDER 





remote recording from 
resistance temperature detectors 


Consisting of two compact units (an inkless strip-chart recorder 
and an external power unit), the new G-E Type CF-2 temperature 
recorder can be used with resistance temperature detectors (RTD’s) 
already installed in generators, transformers, and other large electric 
apparatus, or with separate detector units to record temperature in 
ovens, heat-treating tanks, refrigerating machines, air ducts, and 
liquid-handling systems. 


ELECTRICALLY OPERATED—-SCALE RANGE 20-140 DEGREES C 


On a four-inch strip chart, this equipment produces a clear record 
of the temperature variations that effect resistance changes in stand- 
ard, ten-ohm RTD's heretofore used mainly with indicating instru- 
ments. The 115-volt Telechron motor can be adjusted to provide 
record lengths of from eight days to two years on a single 65-foot 
chart. By using a suitable transfer switch, a single equipment may be 
used with several detector units for multiple recordings. 

Lightweight and portable, the Type CF-2 temperature recorder is 
probably the lowest-priced, remote-recording instrument on the 
market. And to suit diverse requirements, a variety of RTD’s are 
available as accessories. Complete details are listed in Bulletin GEA- 
4572. Call the nearest G-E office for your copy or write to Apparatus 






Dept., General Electric Company, Schenectady 5, N. Y. 


GENERAL ' 


# ELECTRIC 








MINERALIGHT 


Ultra-Violet 
Laboratory 
Lamp ...for 
Fluorescent 
Analysis 















with an extra ~ 
pair of eyes... 
extends your area 
of observation. 


MINERALIGHT provides a fresh ap- 
proach to difficult laboratory problems. 
Makes quick, accurate determinations of 
materials undetectable by ordinary 
chemical or physical methods. 


EVERY LABORATORY 

NEEDS A MINERALIGHT! 
Available in 5 Loboratory Models . . . 110 V. 
A.C., 50-60 Cycles. Write for the free 4 color 


catalogue ond bulletin on: “The Ultra-Violet 
Lomp in Scientific Research.’ 





Dept. INS. 





PRODUCTS, 


SANTA MONICA Bi¥ S$ ANGELES 
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“lachomelers 


MAINTAIN RPM AND 
PRODUCTION RATES IN YOUR PLANT 








STATIONARY MODELS 
Dials. 3”, 4”, 5%", 8”, 10”, 
and 20” in diameter. 

Dials to read RPM, FPM, YPM, 
sheets per minute, gallons per 
minute, books per minute, or 
any other special operation. 


ry 
WRITE FOR BULLETINS 


a. a Nos. 795, 796, 797, 798 


PORTABLE MODELS 


Centrifugal or Chronometric *M 
type with 1, 3, or 5 ranges in is 
S 





one instrument, all speeds from 
0-100,000 RPM. Es 
WRITE FOR BULLETINS a 
Nos. 7 760, 790, 750, 


’ 












SHOWS ALL TACHOMETERS ia 
STOP WATCHES 
IMPORTED SWISS 


Large assortment of Gallet and 
Minerva watches of highest qual- 
ity and accuracy 1/5 second, 
1/10 second, 1/100 second 
timers. Also decimals (minute 


divided into 100 parts), 
WRITE FOR BULLETIN No. 575 





connections can be soldered and }b 


posts that can receive wires or }b na 
plugs. Input tube is a plate circuit pect). 
filer type in which input voltage is rectifas 
under full-wave square-law operating con 


ditions and indicates RMS values. 
storage compartment contains a sou: 
calibration voltage equal to 5 RMS 
+2%. Chassis is of aluminum alloy, « 
dipped to prevent corrosion in salt at; 
phere. All resistors used for calibratior 
precision wire-wound with negligible 
perature drift. All capacitors are oil, pape, 
or mica. Cabinets are copper-lined to pr 
vent extraneous radiofrequency fields { 
affecting accuracy.—Televiso Products ( 
7466 Irving Park Road, Chicago $4, Illinoi 
Please mention number 1117 when filling out c 





Thread-lead Checker 


New “Production Leadcheck” has adjust 
able truncated cylindrical gaging anvils (se 
inset in illustration) which make possible 





production checking of thread lead within a 
range of 4% to 60 threads per inch to an 
accuracy of 0.0001”. It may be had wit! 
either a “tenth” dial indicator or an “Elec- 
trigage” for more accurate gaging. Adjust 
able truncated cylindrical gaging anvil can 
be moved and locked in place at any point 
within a range of 0.200” to 2.000”. Both 
gaging anvils are adjustable for desired 
pitch by rotating on their mounting shafts. 
Inner face of each anvil is held parallel t: 
center line of disk, permitting set-up with 
gage blocks inserted between inner faces.— 
The Sheffield Corp., Dayton 1, Ohio. 


Please mention number 1118 When filling out card 





Tensometer for Textiles 


New tensometer for thread, yarn or cord 
has a range up to 160 Ibs., can be clipped on 
a moving, continuous cord, indicates tensio: 





directly in pounds. Handle and frame ar 
aluminum alloy finished with a black anodi 
coating, grooved wheels are stainless steel.- 
Walter Kidde & Co., Inc., Belleville, N. J. 


Please mention number 1119 when filling out card 





Aircraft Relay 


New “Type 7064-534” light-weight d-c 
solenoid type relay is designed for feeder 
type planes and small personal aircraft, is 
capable of operating at altitudes up to 50,000 




















Lif 


r 
x 
b 
8 
f 
5 
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See ik Maal occ i 


feet and at temperatures between 54°C. and 
71°C. It is protected against humidity, sand, 
dust and salt spray and will meet operating 
conditions up to 10G vibration and accel- 
eration. It is supplied with intermittent duty 
coils for motor starting applications, (“Type 
7064-534 C” has duty coils for battery 
switching, motor control, aircraft and ma- 
rine radio switching and lighting.) Contacts 
of special silver alloy are %” diameter, and 
rated at 100 amperes at 12 volts de. or 75 
amperes at 24 volts de. Contact arrange- 
ment is SPST, double break, normally open. 
Dependent upon voltage and operating re- 
quirements, coils have a resistance of 9.5 
ohms to 110 ohms. On intermittent duty, 
coils consume approximately 15.12 watts, 
and 5.23 watts for continuous duty. Each 
relay weighs approx. 8% ounces.—Leach 
Relay Co., 5915 Avalon Blvd., Los Angeles 
$, Calif. 


Please mention number 4 12( when filling out card 





Light-shield Pilot Light 
Assemblies 


New series of pilot light assemblies have 
light-shields. A turn of knurled head directs 
the light on to any spot, at any desired 
angle. Head is a friction fit to body, per- 


anh 
"y 


mitting full rotation. It is secured by a 
snap lock, will not loosen under vibration 
but is easily removed. Units with different 
sizes of openings in shields are provided as 
follows: “Model 21408” has opening 14” 
wide X %” long; provides maximum illu- 
mination, “Model 89408" %6” XxX %m@*Q. 
“Model 90408” 1445” xX %w»e”. “Model 22408” 
%” X % 2”. Illustration shows “Model 
89408” in actual size. A basic new feature 
is a built-in resistor for use in conjunc- 
tion with NE-51 Neon Lamps on 110- and 
200-volt circuits. Resistor value is chosen 
to suit voltage. Use of NIE-51 on these volt- 
ages assures long life, low current (under 
1 ma.), high resistance to mechanical dam- 
age, tolerance for wide voltage variation.— 
Dial Light Co. of America, Inc., 900 Broad- 
way, New York $3, N. Y. 
Please mention number 1121 when filling out card 


& i 








Remote-indicating Tachometers 


New electric tachometers for permanent 
installation are particularly designed for 
use where generator must be mounted per- 
manently on a machine, and indicator 
mounted on a remote panel. Generator con- 
sists of a small, permanent Alnico magnet 
rotor mounted on precision sealed ball bear- 
ings and capable of continuous operation 
at any speed within indicator’s range. In- 
dicating instrument is a rectifier type, in- 
cluding a sturdy d’Arsonval movement cap- 
able of withstanding without damage a 
momentary overload up to four times maxi- 





U.H.F. STANDARD SIGNAL 
GENERATOR MODEL 84 


SPECIFICATIONS 

CARRIER FREQUENCY: 300 to 1000 megacycles. 
OUTPUT VOLTAGE: 0.1 to 100,000 microvolts. 
OUTPUT IMPEDANCE: 50 ohms. 


MODULATION: SINEWAVE: 0—30%, 400, 1000 or 2500 
cycles. PULSE: Repetition—60 to 100,000 cycles. Width— 
1 to 50 microseconds. Delay—0O to 50 microseconds. Sync. 
input—amplifier and control. Sync. output—either polarity, 


DIMENSIONS: Width 26", Height 12", Depth 10”. 
WEIGHT: 125 pounds including external line voltage regulator. 


MEASUREMENTS CORPORATION 


BOONTON + NEW JERSEY 









MWh 


Standards 





ELECTROX 
LOW CAPACITY 














Quality units, made by one of the 
oldest dry disc 
rectifiers. You can rely absolutely on 


manufacturers of 


Electrox Rectifiers for all types of 
electronic applications — such as 
instruments, test sets, precision 


measuring equipment and similar uses. 


Order from Your Parts Supplier 
Or Write Direct for Bulletin 446 








2055 Reading Rd. - Cincinnati 2, Ohio 
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or Production. 


: Manometers 


PARABOLIC or SPHERICAL 


Mirrors. Trimount builds a 
* complete line of ac- 


LENSES, PRISMS or related| curate high oon 
components for your instruments includ- 



















: : ing: Well Type, U- 
visual, photographic tube, Sliding Scale U- 
or electronic 


tube, Absolute Pres- 
requirements. sure, Periscope, 
* 


Inclined, Interchange- 

Natural or Synthetic cere muna 

CRYSTAL OPTICS. Tank Level Gauges; 

« Indicating Flow 

Complete optical Meters. Suppliers to 

INSTRUMENTS eating. aeeneentee- 

‘ rer ers. Write for prices 

° and data. 

Vacuum Coating of 

Optical Parts. 


RC: EPEAT Hk i ME MARE A hs ik ag MS aha Mak 8 02 OS Rig 


Send For Catalog 


TRIMOUNT 
INSTRUMENT CO. 


37 W. VAN BUREN ST. 
CHICAGO 5, ILL. 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 
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nection to load for “on during cycle” or 
“off during cycle and come on at end of 
cycle.” Silver contacts are snap-acting. 
Timer operates equally well in any posi- 
tion. Knob is 14%” diameter and %” high 
for easy operation even with heavy gloves. 
Minimum time interval that can be set is 
approx. 1% of full range. Standard time 
cycles are from 0-15 minutes; 0-30 minutes; 
0-1 hour and 0-12 hours. Other time cycles 
are available on order. Size of unit, 544” x 
3%” X 3%”.—Potter & Brumfield Sales Oo., 
Dep’t. 254, 549 W. Washington Blwd., Chi- 
cago 6, Illinois. 
Please mention number 1123 when filling out card 





Timing Indicator 
New “Type A Signal Indicator” contains 
both a buzzer and bright bullseye light; can 
be mounted in any position; is fitted with 
a male three-way plug which will connect 














k ae mum speed indication. For installation u; sta 
erwhelm ngly Selects to 200 feet, unit may be connected with two- hp., 
conductor No. 18 insulated wire. For longer rep 
distances, maker should be consulted fo: 
aan proper size of conductor. Instruments ars 
f available in two sizes: 3”, and 7”. Both are 
TORQUE WRENCHES available in three ranges: 0-1250 rpn 
0-2500 rpm; and 0-5000 rpm.—ideal Indus- 
; 2 " 
In the production of the vast majority a Inc., 1415 Park Ave., Sycamore, Ti 
of automobiles today, Sturtevant Please mention number when filling out care 
1122 
Torque Wrenches are extensively 
used where assembly of threaded Automatic Timer 
parts must be accurately held to New “Type TA Synchronous Utility Pro< 
ined ificati ess Timer” is powered with an instantane 
predetermined torque specifications. ous-starting synchronous motor that actv- 
Sturtevant Sensory Torque ates a pair of heavy silver contacts rated 
Wrenches are permanently accurate 
—they are fast because operation is 
by reflex action which is faster than 
thought. They offer a proven and in- 
expensive means for bettering the 
quality, performance, and life of 
products of many types. 
D 
J J a 
Write for Bulletin e 
No. i3 it 
— 8 
¥ 
. 
a“ I 
é — j 
, = ry 
High precision OPTICAL PARTS i at 1000 watts or 1-hp. load. A single 3-way ; 
for Research, Development Trimo unt : outlet mounted on side of case permits con- i 








Proc- 
itane- 
actu- 
rated 


Way 


1s 


eos 


Ed ted ent, 














directly into socket on “TA Timer,’ thus 

ving a unit assembly for timer and indi- 
cator, or it may be remotely located at any 
distance by use of a 3-wire cord. Both buz- 
ser and light can be disconnected if desired. 
—Potter 4 Brumfield Sales Co., Dep’t. 254, 
549 West Washington Blvd., Chicago 6, 
Illinois. 


Please mention number 4124 when filling out card 





300-amp. Solenoid Starter 


New “Size 5, Bulletin 709” solenoid 
starter has a maximum hp. rating of 100 
hp., 220 volts and 200 hp., 440-550-600 volts, 
replace older “Bulletin 710, Size 5,” clap- 





per starter. Contact cleaning, filing, or 
dressing as avoided by use of double-break 
cadmium silver contacts totally encased in 
an arc hood, each pole of switch having its 
individual arc chamber. Hence, when neces- 
sary, new starters can be closely grouped 
without danger of flash-over between 
switches. Enclosed starter is available in 
NEMA Type 1 sheet metal enclosure for 
general-purpose applications, as well as 
NEMA Type 4, water-tight and weather- 
proof; NEMA Type 5, for nonhazardous 


dust.—Allen-Bradley Co., 1311 8. First St., 


Milwaukee, Wis. 
Please mention number 4425 when filling out card 


Motor-starting Relay 


New “MS2A” positive-action motor start- 
ing relay is said to eliminate many diffi- 
culties normally encountered with centri- 
fugal throw-out mechanisms. It is voltage- 





actuated and operates on back e.m.f. of 
starting winding. When motor has attained 
speed, relay immediately disconnects start- 
ing coil from line. No overload, with its at- 
tendant heavy current flow, can prevent it 


from positive operation once proper motor | 


speed has been reached. Back e.m.f., in- 
duced in starting coil by armature rotation, 


assures a permanent disconnect as long as 


motor maintains its rated speed. Because 
no centrifugal switch is required, “MS2A” 
is applicable to inaccessible motors such as 
those which are “sealed in’ on refrigerator 





with the CORBIN Hand Tachometer 


NO LAG .. . the pointer swings around instantly 
— follows every change of speed, giving a positive, 
steady reading at all times. CORBIN cross-balanced 
centrifugal governor eliminates oscillation . . . mech- 
anism requires no lubrication. Packed in box with 
rubber pointer, rubber cup and rubber-tired wheel. 
Choice of ranges and dial markings. 





Differential Pressure 


INDICATOR 





FOR RATE OF FLOW AND 
LIQUID LEVEL MEASUREMENTS 


Suitable for Static Pressures 
Up to 3,000 P.S.I. 


HAS RUPTURE-PROOF 
BELLOWS UNIT 


An exclusive feature. Sensitive and accurate 
under high operating pressures. Withstands 
extreme over-ranging. 


Write for descriptive bulletin 
No. 11C2. 


BARTON INSTRUMENT CO. 


3500 UNION PACIFIC AVE. 
LOS ANGELES 23, CALIFORNIA 















PYRO oniicaioncntren 


MONEY! 


By using PYRO, a self- 
contained, DIRECT 
READING, sturdy 
unit made to stand 
rouch use. It is abso 
lutely accurate and 
dependable, and quick- 
ly pays for itself. 

Unique construction 
enables operator to 
rapidly determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of mol- 
ten iron and steel 
when measured in the 
open. 

Stock ranges 1400° F. to 5000° F. 

Bulletins on PYRO Optical, Radiation, Surface 

and Immersion Pyrometers on request 


THE PYROMETER INSTRUMENT CO. 
Plant & Lab 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montreal 
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111 Fellsway 


Quick and Accurate 
Level Readings 


1...0of viscous liquids by keeping them more 
fluid by heating 


2... of low-boiling point liquids by keeping them 
chilled 


Here is just one of the numerous variations in JERGUSON 
Gages designed to give better service to refineries and 
other processing ‘plants. If the liquid in the gage is slug- 
gish or is likely to boil at the slightest provocation— 
release of pressure, for example—level readings are likely 
to be in error unless special precautions are taken. The 
above type JERGUSON Reflex Gage is designed for these 
conditions. Readings are accurate because the liquid is 
in a readable state. 


Why not bring your special gage problems to us? 


JERGUSON GAGE & VALVE Co. 


Somerville 45, Mass. 


Mirs. of Gages, Valves, Drain Valves, Thermometer and 
Thermocouple Wells, Sight Glasses 


Representatives in all Principal Cities 








Wall-Type 
INDICATOR 
PYROMETER 


A PRODUCT OF 40 
YEARS OF RESEARCH 

















Model W-1 
Switchboard Indicator 


Unskilled help may handle this direct- 
deflection instrument, which needs no 
manuel! adjustment. Designed for 
numerous ranges of temperature, 


both F. and C. 


Write for descriptive 
Bulletin 400 


Charles Engelhard, Inc. 


233 NAJ.R.R. Ave. Newark 5, N. J. 
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For thirty-five 
years we have 
been leaders, 
specializing in 
the creation and 
production of 
distinctive etched 
and lithographed- 
products. 

We serve the 
leaders of many 
industries, meet- 
ing their high 
standards of 
quality and pre- 
cision workman- 
ship. 
Send for new 
pamphlet 


systems; also motors subjected to he; 
accumulations of dust, dirt and greases 
“MS2A” may be mounted on the m 
housing or located at any distance.—p,; 
ter & Brumfield Sales Co., Dep’t. 254, 
West Washington Blvd., Chicago 6, III. 

Please mention number 1126 When filling out ca 





Magnetic-plunger-operated 
Mercury Relay 
New “Mercu-Trol” handles loads up t 
hp., a-c. loads up to 35 amps. (110-v.) ang 


25 amps. (220-v.). Operating principle js 
change of mercury level outside a centr) 





ceramic cup which is always filled with me: 
cury: thus providing an annular mercur) 
to-mercury make or break, in inert gas 
without exposed arc. There is only one mov- 
ing part. Circuit connections are heavy 
tungsten bottom leads always submerged in 
the two mercury reservoirs. Dimensions 
25” wide, 21%,” deep, 4%” high.—Mack 
Electric Devices Co., 502 Township Line 
Elkins Park, Penna. 
Please mention number 1127 when filling out card 





Low-speed Tachometer 


New “Type 25B” low-speed hand tachom 
eter has 3 ranges of 10 to 200 rpm., 20 t 
400 rpm., and 50 to 1,000 rpm., is similar 
in appearance to standard “Type 25A” whic! 








has ranges of 10 times the above values 
Operating principle was described in Instru- 
ments, Dec. 1945, page 922; May 1946, page 
276. Accuracy is 1% of full scale. Instru- 
ment is supplied complete in a carrying 
case with all necessary contact tips and 
disks for measuring linear speeds. Low- 
and high-speed adapters are available for 
extending range down to 1 rpm. and up to 
10,000 rpm.—Metron Instrument Co., 432 
Lincoln 8t., Denver 9, Colo. 
Please mention number 1128 When filling out card 





Chronometric Tachometer 


New “Milwaukee Tachometer” utilizes 
chronometric principle, measures’ shaft 
speeds from 1 to 10,000 R.P.M. or belt speeds 
from 1 to 3,000 F.P.M. in 3-second intervals 
without gear ratio changes. (High-speed 
ranges obtainable on special request.) Ac- 
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curacy is % of 1% of measured speed, In- 
strument weighs 9 oz., has a polished alu- 
minum case, is designed to fit hand com- 
fortably. Convenient operating buttons are 
provided for starting and resetting. Indi- 
ceator hands remain at measured speed posi- 
tion until reset button is pressed. Tachom- 
eter is non-magnetic up to 2000 lines. Each 
instrument is individually calibrated, is 
supplied in case with necessary accessories, 
including concave, convex and wheel tips, 
and spare parts.—Milwaukee Lock and Mfg. 
Co., 782 W. Virginia St., Milwaukee 4, Wis- 
consin. 


Please mention number 4129 when filling out card 





Variable-voltage Rectifiers 


New line of rectifiers provide variable d-c. 
voltage by rotating large knob located on 
front panel, instantaneous d-c. power with- 
out warm up is obtained by plugging into 





110-v. a-c. source. Construction features in- 
clude convection cooled, conservatively rated, 
full-wave bridge selenium rectifier; con- 
tinuously-variable voltage control from zero 
to maximum: d-c. ammeter to indicate out- 
put current (size 314”); voltmeter to read 
output d-c voltage (size 3%”); panel- 
mounted fuse; on and off switch; pilot 
lamp. Specifications of leading models: “No. 
101,” input 115-v. 60 cycles; output 12-v. 
de., capacity 25 amps; overall size 10” x 
14” x 11%”. “No. 102,” input 115-v. 60 
cycles; output 12-v. dc., capacity 50 amps; 
overall size 10” xk 14” xX 11%”. “No. 103,” 
input 115-v. 60 cycles; output 8-v. dc., ca- 
pacity 150 amps; overall size 28” x 16” x 
13%”. All models are continuously variable. 
—Electro-Tech Equipment Co., 119 Lafa- 
yette St., New York 18, N. Y. 
Please mention number 1130 when filling out card 





Coaxial Resistor 


New “Model 81 Termaline” is a coaxial 
resistor, coaxial connector design with low 
VSWR characteristics, designed to diss{pate 
all r-f. power fed to it. It is rated at 50 
watts for continuous duty (higher power 
levels for short periods). Essentialiy, it con- 


. 








WEAR RESISTANT 


NON-CORROSIVE 


Mil 









INCORPORATED 
6421 RAVENSWOOD AVE., CHICAGO 26 
MANUFACTURING METALLURGISTS 





Cm.HATHAWAY 


Consulting Engineer 


offers a specialized development and engineering service in 
ELECTRICAL, MECHANICAL, ELECTRONIC 
INSTRUMENTS AND CONTROL DEVICES 


covering 
@ RESEARCH AND DEVELOPMENT @ PROJECT ENGINEERING 
@ PRODUCT DESIGNS @ PLANNING & PRODUCTION CONTROL 
@ TOOL AND METHODS ENGINEERING 
with facilities for research, model work and pilot manufacturing. 
1315 So. Clarkson Street Denver 10, Colorado 
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te GAERTNER 





TOOLMAKER MICROSCOPE 


for length, coordinate and angle measurements 
direct to .0001” and 1 minute of arc 





Widely used to inspect work in progress and finished work 


To measure form tools, milling tools, drill 
jigs, templets and gauges, machine parts, 
taps and hobs. 


To perform the various thread measure- 
ments. 


An accurate, reliable and durable instrument incorpor- 
ating fine machining and carefully adjusted optical parts. 


Send for Bulletin 147-14 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 





The ONLY handbook of its kind 


MAINTENANCE AND SERVICING | 
OF ELECTRICAL INSTRUMENTS | 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


,SBReBVPeBBBBBBBRRR EHR ESR ESR ESE ESE EE ES 


‘INSTRUMENTS PUBLISHING Co. S HouLp be of great value to all those 


1117 Wolfendale St., Pittsburgh 12, Pa. whose problem is to keep in operation 
Enclosed is $ for the electrical instruments on vital produc 


; 

‘ 

, 

, 

7 

‘ 

= : 
copies of Maintenance and Servicing of ; tion equipment. 

, 

7 

, 

’ 

‘ 

, 

' 

’ 





Electrical Instruments (at $2.00 each). Cloth, xii + 256 pages, 5 X 81% inches, 
Name —— 274 illustrations. 

Address Price, $2.00 postpaid 

City 








Check, money order or cash must accompany order. 
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sists of a coaxial resistor immersed j, 
liquid coolant to increase radiating ; fa 
and consequently power dissipation. 
6” L. X 4%” H X 2%” W. Provision for “x 
type connector extends '3%”.—Bird 
tronic Corp., 1800 East 88th St., Ck 
14, Ohio. 


Please mention number 1131 when filling o 





Beta and Gamma Impulse Scale; 


New “Model 161 Scaler” for counting he: 
particles and gamma rays in radioact 
research is said to have many applicatio; 
in tracer research work in metallurgy, meq; 


Vity 
vily 





cine, food technology, chemistry, and re 
lated fields. It operates on impulses from 


a Geiger-Miiller tube and actuates an ex. 
ternal register once for each 64 impulses it 
receives. Features are self-contained high 


voltage supply, and no preamplifier re. 
quired for use with Geiger-Miiller tube 
Circuit has an input sensitivity of 0.25 volts. 
and its resolving time of better than 
microseconds is said to allow for great 
accuracy even when counting must be rapid. 
Internal high voltage supply—variable be- 
tween 600 and 1500 volts—is regulated to 
better than 0.01% per percent change in 
line voltage, while scaler is designed to 
operate on any input line voltage between 
95 to 130 volts. ‘““Model 161 Scaler” can be 
used by inexperienced personnel in either 
research work or routine counting opera- 
tions. Chassis can be removed for mount- 
ing in a standard 19” relay rack if de 
sired.—Instrument Development Laborato- 
ries, 817 E. 55th S8t., Chicago 15, Illinois. 
Please mention number 1132 when filling out card 





Regulated-voltage D-c. Power 
Supply Units 
New d-c. voltage regulators, Models “E-6' 


and “E-12,” are each available in 5-, 10- 
and 15-ampere sizes. Input is 100-125 volts 





60 cycles ; output is 6 or 12 volts, adjustable 
+10% and accurate to +0.5%. Ripple volt- 
age is 1% r.m.s, maximum, Load range is 
50% to 100% of rated value for +0.5% 
accuracy (accuracy is impaired at no-load 
or extremely light loads).—Sorensen ¢Co., 
Inc., 875 Fairfield Ave., Stamford, Conn 
Please mention number 1133 when filling out card 





Noise Suppressor 


New “Type 910-A Dynamic Noise Su) 
pressor” is said to make negligible back 
ground noise level, heretofore possible only 
with direct recordings and the best tran 
scriptions, obtainable with ordinary shella: 
and vinyl pressings. Method of noise su! 
pression is based upon a new application 
of well-known principles of physics and 
acoustics: through use of a newly develope 
“gate circuit,” all musical components which 
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contribute significantly to realism of repro- 
duction are said to be transmitted with 
substantially no attenuation. At the same 
time transmission is substantially eliminated 
for other portions of the audio spectrum 
which contains large amounts of noise. 
Action of “gate circuit” is practically in- 
stantaneous, so that each note of each 
phrase is transmitted with an optimum 
quality-to-noise ratio.—Technology Instru- 
ment Corp., Waltham, Mass. 


Please mention number 1134 when filling out card 





Spot-light for Inspecting Holes 
New “Inspect-A-Hole” gives brilliant il- 
lumination to sides and right down to bottom 
of small holes, as deep as 3” or 4”, making 
it especially useful for inspection of holes 





Ps 4 








Pe ia Ss 
ee 


for broken taps and drills, as well as for 
production jobs that require a concentrated 
beam of light. Feature of new light is that 
housing does not obstruct, both eyes being 
focused simultaneously with the light into 
the hole. Illustration shows it for bench use, 
but manufacturer can furnish it equipped 
with a handle for portable use.— Wm. 
Buchele, 1809 Milburn Ave., Toledo 6, Ohio. 
Please mention number 4] 35 when filling out card 





Connector Block 

New “Monoblock” multiple-contact con- 
nector is particularly adapted to limited 
space applications, can also be supplied with 
a self-contained locking device which obvi- 
ates need of any external clamping arrange- 
ment. One-piece molded Melamine inserts 
reduce danger of flashover due to moisture 
and dust. Two heavy guide pins, acting as 











ACCURACY 


2903 N. 12TH STREET 


ANOTHER NEW (ASICOQ) DEVELOPMENT 





AN EASY TO READ 


YEL O BAK 














FLAT BORE—ENGRAVED STEM 


SENIOR MIDGET 
INDUSTRIAL 
THERMOMETER 
WITH SEPARABLE SOCKET 
FOR QUICK 
“On-the-Job” 


REPLACEMENT 


No need for factory servicing or loss 
of valuable production time when re- 
placement is necessary — your own 
maintenance man can do the job 


quickly and economically. Accurate to 


within a fraction of a degree. Broad, 
flat mercury column in a yellow stem 


makes for easy reading. 





WRITE FOR BULLETIN 55 


AND NAME OF YOUR NEAREST DEALER 


SCIENTIFIC INSTRUMENT CO. 


PHILADELPHIA 33, PA. 











WANTED 
SALES ENGINEER 


Experienced in Tempera- 
ture, Indicating and Con- 
trol Instruments. For Mid- 
west territory. Box 119. In- 
struments Publishing Com- 
pany, 1117 Wolfendale St., 
Pittsburgh 12, Pa. 


Instrument maintenance me- 
chanic with several year’s ex- 
perience in process industry 
or with instrument manufac- 
turer where experience has 
been primarily in chemical 
industries. Must have initia- 
tive and ability which will per- 
mit training for supervisory 
work. Location, Chicago area. 
Box 118. Instruments Publish- 
ing Co., Pittsburgh 12, Pa. 
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about this 
GREAT NEW 
THERMOMETER pi 


E don't expect your temperature to rise, 
but frankly, everyone's excited about 
the new Palmer Extruded Brass Case 
Thermometer. Never, since the introduction 
of the now-famous “Red-Reading-Mercury” by 
Palmer, have such exclusive and important 
advantages been offered to industry. 






So you'll have to excuse our pride in the new 
thermometer and in the Palmer technicians 
who have produced this outstanding 
development and here’s why:— 


> EXTRUDED BRASS CASE—Completely new design assures 
greater visibility, longer service. 

> MUCH LARGER READING SCALE—New case design in- 
creases readability, eliminates waste space, permits a full 
one-piece reading scale. 

> GREATER PROTECTION TO TUBE—Double strength, non- 
rattling glass shield and V-shape case design prolong 
tube life. 

> REMOVABLE SNAP-ON CAP—Snug-fitting,"‘snap-on’’cap is 
removable for easy cleaning or replacement without tools. 

















0 


> FAMOUS PALMER .) FOR GREATER VISIBILITY 








In 4”, 6”, 
7”, 9” and 
12” case 
sizes. 


> DUST-PROOF, FUME- ANT— 

> DURABLE FINISH, MORE PLEASING CONTOURS AND 
APPEARANCE— 
When buying new equipment, specify Palmer Thermom- 
eters—they cost no more. Send your old thermometers (all 


makes) for repair work, so Palmer technicians can modernize 
them, adding all of the features above at nominal cost. 


PAARER 


Mtrs. of Industrial, Laboratory, 
Recording and Dial Thermometers 


2511 Norwood Ave., Cincinnati 12, Ohio 


Canadian Plant: 
King and George Sts., Toronto 2 


ARERNORERERS LAC. 








Here is how you can acquire a better knowledge of elec- 
tronics without trying to be a radio engineer.—Send for 
Elementary Engineering Electronics 
With Special Reference to Measurement and Control 
ORDER THIS UNIQUE BOOK NOW 
Check, money order or cash must accompany order. 


‘SRRBReBBBBB BB BBQBBBeBeBeaBe seen y 


lustruments Publishing Co., - 
1117 Wolfendale St., Pittsburgh 12, Penna. 


By ANDREW W. KRAMER 


Managing Editor Power Plant Engineering, 
Member American Institute of Electrical 
Engineers, Associate Member Institute of 


Enclosed is $.......... hi a i ‘a 

Kramer's ELEMENTARY SENGINERRING ELEC: ’ Radio Engineers. 

TRONICS (at $2.00 each). Ys 

a BPA TT eTTT pivubwadsends esses ; Cloth, 344 pages, 259 illustrations. 
’ 

Address ....... shewneses whentalay cach ¢ $2 postpaid. 
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ground contacts, perform additional fun, 
tions of alignment and polarization. Min). 
mum air gap of 4” is maintained betweey, 
all contacts. Contacts are designed for us 
with a maximum wire size of #16 Awe 
Available in two sizes, 18 contacts (REisgs 
and 12 contacts (RE12S), new conr 
can also be supplied fitted with convent 
straight type contacts (RE18) and (RI! 
—The Winchester Co., 6 East 46 Si 
New York 17, N. Y. 
Please mention number 1136 when filling out 





Replacement Rectifier 


New “universal” replacement copper 
rectifier, designated as “Coprox Model Cx 
E4U,” offers a multitude of circuit variation: 
depending on how two or more of its fi\ 





leads are used. As a half-wave rectifier it 
carries a rating of 6 or 12 volts a.c. at 3 
milliamperes d.c. or 12 volts a.c. at 5 milli- 
amperes d.c. As a double half-wave unit, it 
is rated at 6 volts a.c. for either 3 or 56 
milliamperes d.c. In its full-wave back-to- 
back applications, unit's rating is at 6 or 12 
volts a.c., at 5 milliamperes d.c. and as a 
full-wave bridge it is rated at 6 volts ac, 
5 milliamperes d.c. 3” flexible leads are 
color-coded and pre-soldered to prevent 
overheating during assembly. Any unused 
leads are simply clipped off after the cir- 
cuit has proved satisfactory. Pellets are 
gold-coated to combat aging and instan- 
taneous loads several times rated voltage or 
current can be handled.—Bradley Labora- 
tories, 82 Meadow St., New Haven 10, Conn. 
Piease mention number 1137 when filling out card 





Automatic Timer 


New “Type 30HL1 Electronic Timer,” for 
intervals from oth second to four minutes, 
provides four basic types of timing: interval, 





delayed action, automatic repeat, and pro- 
gramming, as well as many variations of 
these four fundamental types. All of these 
timing combinations may be utilized by 
changing external connections to termina! 
board. In addition, a maximum time interva! 
selector switch provides for five time inter- 
vals. “Type 30HL1” is capable of timing any 
interval between oth second and four min- 
utes to an accuracy of less than 2%. Electric 
circuit is said to be self-compensating for 
changes in line voltage, so that accuracy 
does not change from day to day, nor wil! 
replacement of vacuum tube alter origina! 
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2% limit of accuracy variation. Either 110- 
or 230-volt 50-60-cycle supply line may be 
used.—Photoswitch Inc., 77 Broadway, Cam- 
bridge 42, Mass. 

Please mention number 1138 when filling out card 





Moisture Meter for Concrete Sand 

New moisture meter for concrete sand is 
electrical: its prod or pick-up is merely in- 
serted in the sand to obtain a reading. De- 





vice can be mounted in batching hopper to 
indicate continuously the percent of free- 
moisture. Installation is not involved: user 
standardizes his instrument for the particu- 
lar sand he is using and instrument requires 
no further calibration. —J. Thos. Rham- 
stine, Box 289, Harlingen, Texas. 
Please mention number 1139 when filling out card 





Indicating Snap Gage 
New “Decimatic Dial Snap Gage” has de- 


mountable heads and extension spacers, A 
single pair of heads and four extension 





spacers of different lengths cover range of 
4”. Both gaging pins are surfaced with ce- 
mented carbide to reduce wear. Lower (ad- 
justable) pin is flat; upper pin, which actu- 
ates indicator, has a spherical surface. The 
gage is operated by passing it over the work 
plece and noting the greatest deflection of 
the hand as the reading. Sets comprising a 
complete gage and three extra spacers are 
available and cover either range of 0 to 4” 
or 4” to 8”.—Standard Gage Co., Pough- 
keepsie, N. Y. 
Please mention number 4140) when filling out card 





Voltage-dividing Resistor 


New “Van Dyke Helical Potentiometer” 
is a linear wire-wound resistor of helical 
form, especially designed for flight test 








Ingenious New 


| Technical Methods 


| 


To Help You with Your 
Reconversion Problems f { # 











12,000 Holes per Hour! ee New 
Gearless Multiple Spindle Drillhead! 


The Zagar Gearless Drillhead can accommodate up to 
400 drills in one head—drill up to 400 holes at one 
time! This revolutionary unit runs noiselessly and vi- 
bration-free on needle, tapered roller and precision 
ball bearings, and is lubricated by a patented auto- 
matic oiling system to insure trouble-free operation. 


With this unit all holes are drilled at one pass, and 
valuable time is saved by the elimination of indexing 
and extra handling. It may be used on standard drill 
presses, or furnished as a complete hydraulic ma- 
chine by the factory. 

Another time saver, as well as a help on a tedious 
job, is chewing gum. The simple act of chewing 
seems to make the work go faster, easier—helping to 
relieve worker’s fatigue—so that a better piece of 
work can be turned out with greater safety. Wrigley’s 
Spearmint Gum may be used even when both hands 
are busy—right where the work is being produced. 


You can get complete information from 
Zagar Tool, Inc. 
23881 Lakeland Blvud., Cleveland 17, Ohio 
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Zagar 220 Spindlo Gearless 
Drillhead 





AA-98 














Instrumentation engineer with 
experience in process industry 
or with instrument manufac- 
turer, preferably with chem- 
ical or mechanical engineering 
education. Must have initia- 
tive and ability to analyze 
chemical processes from the 
standpoint of measurement and 
automatic control.Salary open. 
Location, Chicago area. Box 
117. Instruments Publishing 
Company, 1117 Wolfendale 
Street, Pittsburgh 12, Pa. 








EASTERN AUTOMATIC CONTROL 
EQUIPMENT MANUFACTURER has at- 
tractive opportunity for assembly de 
partment foreman. Must have a mini 
mum of five years field experience in 
refinery or process plant maintenance 
particularly diaphragm control valves 
and mechanical liquid level controllers. 
Good salary. Unexcelled working con- 
ditions include Blue Cross paid insur- 
ance and paid vacation. Give full edu- 
cation and practical experience. Expe- 
rience more important than formal 
education. Replies held in strictest con 
fidence. Reply Box 120, Instruments 
Publishing Co., 1117 Wolfendale 5St., 
Pittsburgh 12, Pa. 
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When you want 
accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer. With over 50 years of ex- 
perience and a very completeline of 
self-operating and air operated 
controls we are well equipped to 
fill your requirements. 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities —See 
your phone directory. 


Ss 


POWERS REGULATOR CO. 





Page 700—IJnsiruments—Vol. 19 


and allied instrumentation work. Linearity 
of resistance is maintained by electronic 
control during winding process. Five- and 
ten-turn units are available. Body is 1” 
diam. and %” base length with 0.1” added 
for each turn (standard 10-turn unit thus 
is 1%” long). Resistance values up to 
3000 ohms per turn can be supplied with 
Advance wire; to 6000 ohms per turn in 
Nichrome. Normal resistance tolerance 
+5%, linearity better than 0.5%.—Van Dyke 
Instruments, P. O. Box IP 696, Tarzana, 
Calif. 
Please mention number 114] when filling out card 


Liquid Level Indicator 
for Steel Drums 
New “TA. 





pilfering, and maintain a dependable re- 
order system: quantity of oil, solvent, or 
other liquid remaining in drum can be told 
at a glance. To install, screw Indicator into 
drum faucet opening, then screw faucet into 
opening on Indicator body; release locking 
device, and Indicator is ready for use. When 
drum is emptied, entire assembly is re- 
moved and attached to a full drum.—JU. C. 
Indicator Sales, 152 W. Wisconsin Ave., 
Milwaukee 2, Wis. 


Please mention number 1142 When filling out card 


Identification Labels 


New “Quik-Labels” speed up and simplify 
marking or coding of leads, harnesses, cir- 
cuits, conduits, relays, coils, terminal boards, 


. 


| sh 











etc. They stick without moistening to any 
round or flat surface, come on code cards 
ready for instant use. Labels are peeled 
from card by means of “Self-Starter Strip.” 
More than 400 different code cards are avail- 
able, including 14 colors. Special code cards 


can be designed.—W. H. Brady Co., 2900-V 
Lindwood Ave., Milwaukee 11, Wis. 


Please mention number 1143 when filling out card 


indicator, attached to 50- or 
30-gallon steel drums, makes it easier to 
keep inventory, check and guard against 




























74 
LOd 





* the Minimotor. 


THE * the Alni Corporation is 
pleased to announce the 
availability of the low- 
est practical current 
THAT consumption D.C. motor 
in the world. 


MOTOR 


* the motor of an entirely 
new principle! No rotat- 
NEW ing windings. 


OPENS 


¢ the motor that can oper. 
ate on as little as thirty 
milliwatts power. 


HORIZONS 


* the motor that is ideal 
for saving current where 
power supply is an im- 
portant factor. 


*the motor that has 
countless applications in 
the miniature horse- 
power field. 


ELECTRONIC 


FIELDS * the motor that may well 
be the answer to your 


problem. 
* the Minimotor. 


Outline your specific ap- 
plications and require- 
ments to our Specio! 
Projects Division. 


ALNI CORPORATION 


Reeves International Building 
10 EAST S2nd STREET 
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Editor, BR. R. PROCTOR, 2213 Ridge Ave., Evanston, Ill. 


Editorial 


PLANNING AHEAD 

We are just discovering that in order 
to have a well-balanced ISA Journal, 
and at the same time not have to write 
everything ourselves from _ scribbled 
notes, memory and guesswork, it is go- 
ing to require a little organization and 
a little pushing on our part. For ex- 
ample, this issue contains material 
submitted by 13 of the 23 Sections of 
ISA now in existence, whereas we 
should have all 23 Sections represented. 
We have discovered one reason for this, 
but it does not account for all the va- 
cancies in the Section News Depart- 
ment. Through force of habit or lack of 
proper notification, many Section Sec- 
retaries and Correspondents sent their 
material directly to Instruments Pub- 
lishing Company instead of to your new 
Editor. Thanks to our friend, Major 
Behar, a considerable portion of this 
reached us in time to make the dead- 
line, but any other material which 
accumulated in Pittsburgh between the 
16th and 23rd of October will have to 
wait until next month for publication. 

Some of the Section News this time 
is untimely since it was received too late 
to be published in the October issue. 
However, it is printed herewith for sev- 
eral reasons, one of which is to show 
all correspondents, including the delin- 
quents, the type of article we want in 
the Section News Department. (Note 
particularly the Charleston, Chicago, 
mm City and New Jersey write- 
ups. 

We would like to repeat our request 
of last month that each Section assign 
to some one the duties of correspondent, 
whose responsibility will be to submit 
something to us every month. The least 
that should be furnished is a report of 
the last meeting and the announcement 
of one or two coming meetings. It 
should be remembered that the deadline 
for material is the 15th of any month, 
and that the issue for which it is in- 
tended will usually appear on or before 
the 15th’ of the following month (bar- 
ring strikes, strokes and breakdowns). 
For meeting announcements to be time- 
ly they should be in our hands at least 
two months in advance, if possible. 
Such notices, and only such notices, can 
still be published if they reach us by 
the 20th of the preceding month. 

So that there may be (at least from 
the Editor’s standpoint) some organiza- 
tion to the publishing of this Journal, 
it is planned to print the list of Sec- 
tion Correspondents in the very near 
future. If you want your Section repre- 
sented on this list, please send us the 
name of your appointee as soon as pos- 
sible. Also, in the interests of organiza- 
tion, it is tentatively planned to conduct 
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the Journal on a departmental basis, 
and the following suggested outline 
should be a guide to all who are inter- 
ested in seeing the Journal grow into 
a useful organ. 

The departments now in the forma- 
tive stages are as follows: 

Editorial (Editorial comment, letters 
to the Editor, guest editorials, sugges- 
tions, and any other material which 
rightly belongs in this category). 

Section News (Section activities, 
meeting announcements, local election 
results and appointments, personals, 
personnel items, etc.). 

General News (Committee activities, 
joint meeting news outside of Section 
News activities, and other general-in- 
terest material). 

Official (messages or bulletins from 
Officers or Executive Committee, ad- 
vance notices of committee meetings 
and Directors’ meetings, etc., official 
committee reports, financial statements, 
Secretary’s messages, reports and re- 
quests, etc.). 

Personal Column (Inter-Society trans- 
fers, promotions, changes of affiliation, 
employment, accidents, deaths, etc., not 
covered in Section News articles). 

Technical (papers presented before 
Sections or at Conference Sessions, 
technical reports or articles written 
especially for the ISA Journal, etc.). 

Special (biographies, historical or 
documentary articles, special features 
such as the Constitution or Constitu- 
tional amendments, etc.). 

Miscellaneous (jokes, cartoons, and 
any other material which doesn’t fit 
elsewhere in the above framework). 

The above is not official nor perma- 
nent. It is just the way we have our 
eight “live material” folders marked 
in our briefcase! By the time we start 
getting enough material to overflow 
these folders, we hope to have had 
enough suggestions (from the Publica- 
tions Committee, Executive Committee, 
and elsewhere) to create a more work- 
able and possibly permanent depart- 
mental set-up. We need your help and 
suggestions on this also. 

Since it has not been possible to go 
after all types of material at once, and 
also since we have barely got our edi- 
torial feet under us at this writing, this 
issue will not contain much more than 
Section News and a couple of editorial 
columns. However, it is planned to pub- 
lish the Constitution and By-Laws 
very shortly, as well as Committee Re- 
ports of various sorts as soon as the 
committees start functioning. Also, 
some special features are in the offing, 
including a photograph and short bio- 
graphical sketch of each officer and 
delegate. Guest editorials by the mem- 
bers of the Executive Committee are 
also being solicited for publication in a 
series very shortly. 


SO 
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This is only the beginning. With the 
cooperation of all concerned, including 
the Officers, Delegates and Journal cor- 
respondents of the various Sections, we 
can soon be “on-stream” with our In- 
fant Journal, and can have a going con- 
cern ready to turn over to our successor 
when the time comes to employ a full- 
time Editor. RRP 


EDITOR’S NOTES 
1. No More CALENDAR 


Unless strenuous objections are raised, 
the calendar as formerly used will no 
longer be a part of this Journal. In the 


interests of more efficient utilization of 
space, advance meeting notices will be 
included in the Section News articles 
as in this issue. If every Section cor- 
respondent will submit advance meeting 
notices, whether accompanied by any 
other material or not, that Section will 
be given space for said announcements 
in the Section News Department. The 
more information sent to us about Sec- 
tion activities, the more will be pub- 
lished. 
2. ANOTHER FEATHER IN THE ISA Hat 
Reports are still coming in on the 
success of the Pittsburgh Conference. 
‘Testimonial letters,” unsolicited and in 
fact unexpected, have been received by 
various officers of the Society, and most 
of them can be summed up by the fol- 
lowing representative paragraph which 
was selected from one exhibitor’s letter. 
We quote, “. . . It is only proper that 
I inform you of the reaction of repre- 
sentatives of this company who par- 
ticipated in the Exhibit to the arrange- 
ments which were made and the general 
atmosphere of the occasion. We have 
all felt that this was the finest and most 
carefully prepared occasion of this type 
in which we have participated for some 
time. Not only was the prior work and 
careful planning most evident in the 
smoothness with which everything 
moved but, additionally, the character 
of the exhibits and the attendance in all 
respects were superior to other similar 
exhibits in which we have participated.” 
"Nuff said! 
3. OUR NEWEST SECTION 


The South Texas Section, formerly 
the South Texas Instrument Society, 
was admitted to the ISA in October as 
the twenty-third Section of our organi- 
zation. The Secretary is Mr. Homer C. 
Givens, The LaGloria Corporation, P. 
O. Box 637, Falfurrias, Texas. Further 
activities of this group, as well as a 
list of officers, etc., will be published in 
our forthcoming issues. 

We take this opportunity to welcome 
the South Texas Section, and to ex- 
press the hope that their affiliation with 
the Instrument Society of America will 
prove to be of mutual benefit. 

—R. R. Proctor 





November 1946—Instruments—Page 701 


News of Sections 


BALTIMORE 
(Latest unpublished material available) 
At the May meeting of the Baltimore 


Section, the following officers were 
elected for the year 1946-47: 

President: John F. Maienshein, Brown 
Instrument Co. 

Vice-President: Henry Wolbert, 
Standard Oil Co. of New Jersey. 

Secretary-Treasurer: Howard L. Hal- 
stead, Bethlehem Steel Co. Home ad- 
—- Yorkway Road, Baltimore 22, 

Recording Secretary: Wilmer Clip- 
per, Continental Oil Co. 

Sergeant at Arms: Richard Nest, 
General Automatic Oil Burner Co. 

Council: Fred Pullen, Earl Heden 
Thomas Coyle, Frank’ Gregloit and 
Howard Reiner. 

Following the election of officers, a 
very interesting inspection tour was 
made through the Calvert Distilling Co. 
plant at Relay, Md. 

—FRANK RAGAN, Sec’y 1945-46 


CHARLESTON 

Two meetings within eleven days 
gave members of the Charleston Section 
considerable food for thought. On Sep- 
tember 27, Senator Harley M. Kilgore 
addressed a joint meeting of the 
Charleston chapters of six national 
scientific and engineering societies, in- 
cluding the Instrument Society of Amer- 
ica. In his talk, Senator Kilgore de- 
clared that the United States can no 
longer afford to depend upon the basic 
research of foreign countries, but that 
“we must develop our own basic re- 
searchers if we are to keep pace and 
assume leadership in scientific prog- 
ress.” 

Such would be accomplished, he said, 
through enactment of the research 
foundation bill which he introduced to 
the 79th Congress. This bill was passed 
by the Senate, but failed to be reported 
out by the house committee. He said it 
would be brought up at the next ses- 
sion. 

The six societies sponsoring Senator 
Kilgore’s talk were, as previously re- 

rted briefly in these columns: The 
nstrument Society of America, The 
American Chemica] Society, The Amer- 
ican Institute of Chemical Engineers, 
The American Society of Civil Engi- 
neers, The American Society of Me- 
chanical Engineers, and The West Vir- 
ginia Society of Professional Engineers. 
The meeting was preceded by a dinner 
for the officers of the several societies. 
ISA was represented at the dinner by 
Messrs. C. B. Cochran, President, M. B. 
Lorig, Secretary, Ralph D. Webb, Na- 
tional Delegate, and Ammi Adler, Treas- 
urer. 

The regular October meeting of the 
Charleston Section was held October 
7th at the Kanawha Hotel with approx- 
imately 85 members and guests in at- 
tendance. Speaking on the “Readability 
and Errors in Flow Measurement,” Mr. 
Henry Stoll, Application Engineer, 
Taylor Instrument Companies, first ex- 
plained the basic theory of flow, de- 
riving his fundamental equation on the 
basis of simple energy analogies, In so 
doing he showed how differential is pro- 
duced across an orifice, venturi or 
nozzle. Mr. Stoll then proceeded to ex- 
plain and prove how errors enter and 
multiply in flow measurement. 
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Mr. Stoll’s talk further analyzed the 
effect of pulsation on flow measurement, 
and covered the effects of other sources 
of error such as plate conditions, in- 
herent meter inaccuracy, air in instru- 
ment leads (liquid flow), and high dif- 
ferential to pressure ratios (gas flow). 

An enthusiastic discussion period fol- 
lowed Mr. Stoll’s talk. 


The meeting scheduled for Monday, 
Nov. 4, will cover “Mechanics and 
Economics of Centralized Control for 
Operating Units.” Speakers wili be Mr. 
F. H. Trapnell of E. I. duPont de- 
Nemours & Co., and Mr. C. B. Moore 
of Moore Products Co. 


The following meeting will be held 
Monday, Dec. 2. The speaker is to be 
Mr. Walter P. Mills, Brown Instrument 
Co., who will talk on “Simplified Field 
Service of Electronic Instruments.” 


—M. B. Lori, Sec’y 


CHICAGO 


At the regular meeting of the Chi- 
cago Section on Monday, Oct. 7, Mr. 
Carl E. Ohleiser of American Instru- 
ment Co., Silver Spring, Md., gave a 
very interesting and informative talk 
on the subject of “Electric Hydrometry 
for Measurement and Control.” His talk, 
illustrated by slides, explained the 
principles underlying the variable re- 
sistance and bridge-type sensing ele- 
ments used in humidity indicating in- 
struments, and also showed how Electric 
Hygrometry in its commercial aspect 
became a direct off-shoot of RADIO 
SONDE as used by the Weather Bureau 
Meteorological Stations. A very in- 
teresting discussion period followed, 
during and after which Mr. Ohleiser 
demonstrated some of the sensing ele- 
ments and instruments used in this 
field. 

Preceding the technical part of the 
program, Mr. Earl Rieger, Chicago Sec- 
tion Delegate, reported on the Pitts- 
burgh Conference and introduced (for 
the benefit of new members especially) 
Mr. J. B. McMahon and Mr. H. E. 
Ferguson, who were elected Vice-Presi- 
dent and Treasurer, respectively, of the 
national organization. Mr. Rieger also 
announced that Mr. R. R. Proctor, Chi- 
cago Section President, had been ap- 
pointed Editor Pro-tem of the ISA 
Journal section of Instruments maga- 
zine, and that Mr. Albert F. Sperry, 
national Past-President, had been ap- 
pointed National Chairman of the 1947 
Conference (Chicago) Committee. 


Thirty-five members of the Chicago 
Section were in attendance at the Pitts- 
burgh Conference, according to a report 
by our Membership Committee. — 


The November meeting is to be a 
joint session with the Northern Indiana 
Section at Phil Smidt’s Restaurant in 
Hammond, at which a talk on “Latest 
Developments in Application of Elec- 
tronics in Industry” is to be given by 
Mr. F. Roberson, Assistant Division 
Superintendent of Maintenance, Car- 
negie-Illinois Steel Corp., Gary, Ind. 

The December meeting, scheduled for 
Monday, Dec. 2, at the Builders’ Club 
in Chicago, will feature Mr. A. H. 
Shafer of the Foxboro Co., Pittsburgh, 
who will present “New Developments in 
Automatic Contro] Instruments.” 


—JOHN C. VAALER, Corr. 


CLEVELAND 

The next meeting of the Cleveland 
Section will be held on Wednesday. 
November 27th at the Cleveland Enyi- 
neering Society. Dinner will be at 6:30 
P. M. with the meeting starting at 8:00. 
Mr. William H. Haynie of the Nationa 
Advisory Committee for Aeronautics 
will speak on “N.A.C.A. Gas Analysis 
Instrumentation for Aeronautica] Ep. 
gine Research.” 


DETROIT 
(Received too late for the October issue) 


The September meeting of the De 
troit Section featured a talk by Mr. J 
B. McMahon of Republic Flow Meters 
Co., Chicago, on the subject of “Flow 
Metering.” While this topic has bee: 
covered extensively in numerous publi- 
cations and discussions, Mr. McMahon 
presented it in a slightly different and 
interesting way by tracing the history 
of orifice metering from the days of th 
ancient Romans and the Maya Indians 
up to the present, and covered the work 
done in recent years by the AGA, 
ASME, the National Bureau of Stand- 
ards and other investigators. 

The technical, yet non-mathematical, 
part of Mr. McMahon’s illustrated lec- 
ture summarized the principles of fluid 
flow and the factors which tend to com- 
plicate the simple basic flow equation. 
Among the measuring devices discussed 
were orifices, nozzles and venturi tubes, 
and their relative advantages and limi- 
tations were pointed out. The discussion 
following the talk was very lively, and 
tended to further prove Mr. McMahon’s 
broad background in this field. 

Mr. McMahon’s talk was preceded by 
a short address by Mr. Walter Oliver, 
president of the Michigan Society of 
Quality Control Engineers, who intro- 
duced to the audience the interesting 
and relatively new method of statistica! 
quality control. 

Herb Barnum, one of the newly- 
elected Vice-Presidents of the ISA, pre- 
sented a brief report on the Pittsburgh 
conference and exhibit. 

Before and after the meeting, Mr. 
A. Satullo, local representative of the 
Brush Development Company, demon- 
strated their new Transient Recorder. 
This novel device proved very success- 
ful and it is planned to feature the 
demonstration of different types of ap- 
paratus at each of our subsequent 
meetings. 

The next meeting of the Detroit Sec- 
tion, scheduled for Monday, October 21, 
at the Ethyl Corporation Research 
Laboratory, will be on the subject of 
“Sound and Vibration Analysis.” The 
speaker is Mr. W. R. Saylor of General 
Radio Company. 

—S. KuLKa, Corr. 


KANSAS CITY 

At the September 10th meeting of 
the Kansas City Section, Mr. W. H. 
Steinkamp of the Brown Instrument 
Company, presented a very impressive 
talk illustrated by animated cartoons, 
which pleased everyone present. Mr. 
Steinkamp exhibited a very good sense 
of humor which contributed much to the 
evening’s success. 























The October 3rd meeting featured Mr. 
F. M. Stephens, Development Engineer, 
The Fluor Corporation, Ltd., Los An- 

les, California, who speke on “The 

heory, Measurement and Control of 
Pulsation.” The use of compression 
equipment at high rotative speeds and 
high operating pressures had made 
many of those present uncomfortably 
aware of the phenomenon called Pulsa- 
tion, which arises like a spectre and im- 
parts the shakes to piping, instru- 
ments, designers and operators. Mr. 
Stephens, who has spent many years in 
the laboratory and in the field studying 
this phenomenon, had practical sugges- 
tions for those interested in reducing 
noise and vibration and instrument 
cycling, as well as for those interested 
in improving measurement and control. 

Immediately after Mr. Stephen’s talk, 
Mr. Pat Miller of Panhandle Eastern 
Pipe Line Company, led a round-table 
discussion on the effects of pulsation 
on measurement and control. 

On Monday, November 25, the Kan- 
sas City Section will be host to the 
Kansas City Section of the I.R.E. in 
the Main Auditorium, University of 
Kansas City, 5100 Rockwell Road. The 
meeting will start at 7:30 p.m. The 
speaker is to be Mr. Lawrence F. Para- 
chini of the Weston Electrical Inscru- 
ment Co., Newark, New Jersey, who 
will lecture on “Electrical Indicating 
Instruments.” His discussion will cover 
the six basic electrical indicating 
mechanisms in general use, as well as 
the various accessories used with these 
basic mechanisms to indicate speed, 
temperature and current, both A.C. and 
D.C. Transparent cased models of the 
various mechanisms under discussion 
will be exhibited. 

—OLIVER L. Boutros, Sec’y-Treas. 





NEW JERSEY 


The first meeting of the New Jersey 
Section’s 1946 Fall season was held on 
October 1st. Through reports of those 
in attendance at the Pittsburgh Con- 
ference and Exhibit, the group of ap- 
proximately 80 members and guests 
soon learned that the first ISA Confer- 
ence was a success. 

The evening’s discourse was delivered 
by Mr. Allen L. Chaplin, a member of 
this Section. His subject, “Some Prob- 
lems of Instrumentation in the Chemi- 
cal Process Industry,” in effect covered 
the whole field of instruments. Such a 
broad discussion might seem to be too 
encompassing for one evening’s talk, 
but Mr. Chaplin brought up so many 
interesting aspects on each phase that 
he very ably covered his subject. He 
presented a unique chart grouping in- 
struments by their major roles with 
respect to the whole plant’s operation 
rather than by considering them solely 
for the “individual” function. 

Mr. Chaplin also stressed the im- 
portance of instruments in continuous 
processes and the need for development 
of instruments to measure the build-up 
of impurities caused by re-cycled ma- 
terials. Through his crystal ball he 
looked forward to the plant application 
of laboratory instruments which employ 
infra-red, ultra-violet and X-ray meas- 
urements in their operation. 

The next meeting, scheduled for Mon- 
day, October 28th, is to be a joint meet- 
ing of the New Jersey and New York 


Sections, and which will feature a field 
trip through LaGuardia Airport. 

The November meeting, also a joint 
meeting of the New Jersey and New 
York Sections, will be held at the Men’s 
Faculty Club, Columbia University, 
New York City, on Wednesday, Novem- 
ber 20. Dinner at 6:30, meeting at 
8:00 p.m. Subject to be announced later. 

—H. §. CLOosE, Sec’y 





NEW YORK 


The 42nd monthly meeting of the 
New York Section was held at the 
Men’s Faculty Club, Columbia Uni- 
versity, on September 30, 1946. About 
50 members and guests attended the 
dinner, with about fifteen additional 
coming for the meeting. 

Prof. Kayan, Section President, 
opened the meeting at 8:00 o’clock with 
a report on the very successful first 
annual ISA Conference and Exhibit 
held in Pittsburgh September 16th to 
20th. He then called upon the Secretary 
to elaborate on the exhibits and ses- 
sions. 

Mr. Haggerty announced the field 
trip to LaGuardia Airport as the Oc- 
tober meeting to be held on the evening 
of the 28th. Supper at $2.50 per person 
will be served at the field at 6:30 p.m. 

The meeting was then turned over to 
the technical chairman of the evening, 
Mr. Schofield, who in turn introduced 
the speaker, Mr. Edward Barlow of the 
Engineering Laboratory, Sperry Gyro- 
scope Company, New York. Mr. Barlow 
then presented a very interesting talk 
on the elementary principles of “Dop- 
pler Radar” and its advantages over the 
standard systems of radar. Demonstra- 
tion apparatus was turned on and 
numerous tests were made to show its 
ability to detect both high and low 
speeds in moving objects and its sensi- 
tivity in detecting motion with a small 
displacement. 

The audience then gathered around 
the apparatus and speaker to ask more 
advanced questions and to try out the 
equipment for themselves. The meeting 
was adjourned at 9:45 p.m. 

—CHARLES D. Corey, Sec’y 





PITTSBURGH 


October 28th meeting, “Manometer 
Applications in Industry,” by Mr. A. A. 
Hejduk, Meriam Instrument Co., Cleve- 
land, Ohio. 

November 25th meeting, “Hydrogen 
Ion Measurement,” by Dr. E. D. Haller 
of National Technical Laboratories, 
Bethesda, Md. Dinner at 6:30 p.m., 
meeting at 8:00 in the Blue Room of 
the Roosevelt Hotel. 

—L. M. SuSANY, Sec’y 


ST. LOUIS 


The St. Louis Section held its regu- 
lar meeting on Monday, September 30, 
1946, at the New York Hotel in St. 
Louis. The Pittsburgh meeting was dis- 
cussed by Messrs. W. E. Boyle and R. 
H. Munch, who were among the St. 
Louis Section members who attended 
the meeting. It was announced that Dr. 
Munch, Section Chairman, had been 
elected one of the Vice-Presidents of 
the National Society. It was also an- 
nounced that a number of committees 
to deal with formulation of recommend- 


ed practices were being organized by 
the ISA, and that all members inter- 
ested should communicate with the 
chairman of the Recommended Prac- 
tices Committee (Ed. note: F. H. Trap- 
nell, Philadelphia Section) or with the 
local Secretary. 

The speaker of the evening was Mr. 
Harry H. Hilliker, Senior Development 
Chemist of the National Lead Co., 
Titanium Division, St. Louis. His sub- 
ject was “Description of the X-Ray 
Spectrometer and Its Applications.” 
The instrument discussed was the 
“North American Philips X-Ray Spec- 
trometer,” with application to the study 
of the crystal structure of solids. Mr. 
Hilliker sketched the early work done 
with solid crystals of sodium chloride, 
and explained that X-rays must be used 
to study such crystals because the wave- 
length of the X-rays approximates the 
distance between the faces of the small- 
est obtainable crystal of material. 
Therefore, interference can be obtained 
from the rays reflected from the several 
sides of the crystal and the measure- 
ments and characteristics of the crystal 
structure can be investigated. 

With the aid of a curve-drawing 
recorder, a complete analysis of a given 
specimen can be made by this method 
in 90 minutes, whereas the standard 
photographic procedure requires 8 
hours. Mr. Hilliker stated that the in- 
strument had been used commercially 
to improve the quality of pigments and 
fibers and to obtain a much better prod- 
uct as a result. 

Many questions followed the address, 
and Chairman Munch commented that 
X-ray studies provide powerful methods 
of fingerprinting materials, and that 
while still in the laboratory stage, the 
method would no doubt soon go into the 
plant to improve the quality of many 
products. 

Attendance at the meeting was ap- 
proximately 60 members and guests. 

The next meeting of the St. Louis 
Section is to be held on October 28th 
at the York Hotel. Two speakers are 
scheduled—Mr. L. C. Lodge, speaking 
on “German Guided Missiles,” and Mr. 
O. G. Forcade, whose subject is “Re- 
finery Maintenance of Pressure Type 
Thermometers.” 

The November meeting will be held 
on Monday, November 25th. The 
speaker will be Mr. C. W. Parsons of 
Republic Flow Meters Co., who will dis- 
cuss “Measurement and Control of Dif- 
ficult Fluids by Force Balance.” Dinner 
at 7:00 p.m., meeting at 8:00 at the 
York Hotel. 

—H. E. Zerrren, Sec’y 





SOUTHERN MICHIGAN 
(Received too late for the October issue) 


The Southern Michigan Instrument 
Society held its first meeting of the 
1946-47 season at the Park American 
Hotel in Kalamazoo on Sept. 11. Fol- 
lowing the dinner, attended by about 
30 members and guests, Mr. Glen Miller 
of the Kellogg Company, Battle Creek, 
introduced the speaker, Mr. Ken Mead 
of Allen Electric Co., who presented an 
illustrated talk on “The Theory, Design 
and Production Techniques of a Mod- 
ern D’Arsonval Type D. C. Milliamme- 
ter.” 

Following the program, a short busi- 
ness meeting was held at which Presi- 
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dent Wade Allen announced a paid-up 
membership of 29 as of this date. Mr. 
Glen Miller was appointed Vice-Presi- 
dent to complete the term of office 
which Mr. Fred Brydges, General Foods 
Corp., was unable to assume. A discus- 
sion of the national organization known 
as the Instrument Society of America 
followed, and a unanimous vote was 
cast in favor of making application for 
affiliation with the ISA. Local Section 
By-Laws which would conform to the 
ISA Constitution were read and ac- 
cepted, and the officers, Wade Allen, 
President, Glen Miller, Vice-President, 
and Ken Mead, Secretary, were ap- 
pointed as delegates to the ISA Confer- 
ence and Exhibit in Pittsburgh Sep- 
tember 16-20 to make the necessary 
arrangements for the group to become 
a Section of the ISA. The meeting then 
adjourned. 

The October 9th meeting of the 
Southern Michigan Section of the ISA 
was held at the Kellogg Cafeteria in 
Battle Creek, and was attended by 
about 40 members and guests. Follow- 
ing the dinner, Mr. Oliver Wood of the 
Upjohn Company, Kalamazoo, intro- 
duced the speaker, Mr. J. Dunlap of 
the Brown Instrument Company, who 
gave a very interesting talk on “Fun- 
damentals of Pyrometry.” His talk was 
illustrated by slides which were both 
humorous and illustrative. After Mr. 
Dunlap finished, Mr. Jack Richardson, 
also of Brown Instrument Co., con- 
ducted a question and answer period. 

A short business meeting was then 
called and several questions which had 
arisen as a result of the organization’s 
recent affiliation with the ISA were 
discussed and referred to appropriate 
committees. 

Mr. Glen Miller of the program 
committee announced that tentative ar- 
rangements have been made for the 
November 13th meeting, to consist of 
a dinner meeting and a field trip 
through the Morrow Plant at Com- 
stock. This plant is one of Consumers 
Power Company’s largest and most 
modern steam generating plants. No- 
tices of the details are to be sent out 
later. 

—KeEn MEap, Corr. 





WASHINGTON 
(Received too late for the October issue) 

The 24th meeting of the Washington 
Section, ISA, was held at the Potomac 
Electric Power Company Auditorium 
on September 25, 1946, with a short 
business session starting at 7:30. 

After the meeting was called to or- 
der by the Chairman, Dr. Windenburg, 
Mr. W. A. Wildhack, our National Dele- 
gate, presented a report on the Instru- 
mentation Conference and Exhibit held 
in Pittsburgh September 16-20. It was 
announced that the Washington Sec- 
tion was inviting the National Meeting 
and Exhibit to Washington for 1948. 

It was also announced that the next 
meeting of the Washington Section 
would consist of a tour of the David 
Taylor Model Basin. 

The speaker of the evening, Mr. 
Howard K. Morgan, Chief Development 
Engineer of Bendix Radio Co., Balti- 
more, was then introduced, and his 
paper on “Navigational Instrumenta- 
tion” was both interesting and informa- 
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tive. Forty persons were present at the 
meeting. 

The 25th meeting of the Washing- 
ton Section will be held Monday, Octo- 
ber 21st in the PEPCO Auditorium. A 
business meeting at 7:30 p. m. is to be 
followed by a talk on the “Brown Elec- 
troniK Potentiometer” by Mr. W. P. 
Wills, Director of Research and De- 
velopment of the Brown Instrument Co., 
Philadelphia, Pa. The previously an- 
nouneed tour of the David Taylor 
Model Basin will be held at 9:30 a. m. 
on Wednesday, Oct. 23. 

All meetings of the Washington Sec- 
tion of the ISA will be held on the 
third Monday of each month, November 
(1946) through May (1947), except 
the January meeting, in the PEPCO 
Auditorium. The January meeting is 
the annual dinner and the date will be 
announced later. 

—G. M. Rois, Corr. Sec’y. 





WAYNE COUNTY 

At the September meeting of the 
Wayne County Section, Mr. E. D. Jack- 
son of the Coon De Visser Company 
gave a talk on “Gyroscopes” and 
showed two sound motion picture films 
on gyro flight instruments and the 
manufacture of gvro-compasses for 
ocean liners. He illustrated his talk 


with actual models and typical instry. 
ments, and answered numerous ques. 
tions for the members of the interesteq 
and very appreciative audience. 

Several members who had attended 
the Pittsburgh Conference and Exhibit 
then gave short talks and reports. The 
Wayne County Section expects to tum 
out in much larger numbers next year. 

The next meeting, scheduled for Qc. 
tober 28th, at the Presbyterian Church 
in Wyandotte, will be a panel session 
conducted by Mr. H. H. Barnum, Na- 
tional Delegate of the Detroit Section 
and Vice-President of the ISA. The 
subject for discussion will be “Process 
Control Terminology.” 

—JOHN MACPHERSON, Pres. 





LOUISVILLE 

A meeting to consider the formation 
of an I.S.A. Section was held Armistice 
Day, November 11th, at the Seagram & 
Son Auditorium, Louisville, Ky. 

Temporary officers were elected as 
follows: Temporary Chairman, FE. H. C. 
Brown, Jos. B. Seagram & Co.; Tem- 
porary Secretary, S. W. Hawkinson, 
Brown Instrument Co., 633 S. 5th St., 
Louisville, phone Wabash 6075. 

Another meeting has been scheduled 
for 8:00 p.m., Dec. 10th, at the Seagram 
& Son Auditorium. Anyone in or near 
Louisville, interested in this movement, 
is cordially invited to attend. 








ISA 
Employment Service 





In printing these announcements the So- 
ciety assumes no obligation as to responsi- 
bility of employers. Those replying to an- 
nouncements should include two copies of 
their reply. When testimonial documents 
are to be included, copies of such documents 
and not the originals should be sent. The 
Society regards acknowledgment by employ- 
ers of all applications as an act of courtesy 
but can assume no responsibility for their 
failure to do so. Address all replies to Em- 
ployment Registration Committee, Instru- 
ment Society of America, 1117 Wolfendale 
St., Pittsburgh 12, Pa. 

—C, F. GoLpcampP, Chmn. Employ. Reg. Com. 


SITUATIONS OPEN 
DOCTORATE in some branch of physics or bio- 
physics, preferably with a minor in some field 
of biology. Experience in radiation and optics 
desirable. Should have 3 or 4 years post-doctor- 
ate experience in research. 


ELECTRONIC SCIENTISTS and Engineers of all 
grades (salaries $2600 to $8000). Education: 
college degree in physics, mechanical engineer- 
ing, electrical engineering. Positions involve re- 
search and development to pilot model stage of 
complex ordnance devices. Box 2. 


CHEMICAL, MECHANICAL or Electrical Engi- 
meers for application of instrumentation to 
chemical processes involving the study of proc- 
esses, the selection and preparation of specifica- 
tions for the proper instrumentation, and as- 
sistance in starting up new operations which are 
controlled automatically. Open to young men 
with limited experience and to men who have 
had a considerable period of service with a 
process industry or with an instrument manu- 
facturer where there has been opportunity for 
study of instrumentation as applied to the proc- 
ess industries. Box 3. 


CHEMIST, PHYSICIST or Engineer for develop- 
ment of specialized measuring devices for appli- 


cations to the food process industry, and for 
which there is no available commercially made 
instrument. Work would involve studies of 
process variables to determine suitable measuring 
criteria and the development of suitable in- 
dustrial instruments for making these measure- 
ments. Box 4. 


INSTRUMENT SUPERINTENDENT to take full 
charge of instrument department in large chem- 
ical plant. Box 5. 


ELECTRICAL ENGINEPR for design, develop- 
ment and production of industrial instruments. 
Should have the ability to supervise other em- 
ployees where necessary and should be energetic 
and willing to work for results as well as for 
his own advancement. Box 6. 


PHYSICIST with graduate studies and experience 
to work in connection with design, development 
and production of aeronautical instrumentation 
Box 7. 


ELECTRONICS ENGINEER or Radio Engineer 
for research on unconventional applications of 
audio frequency circuits and design of portable 
instruments for blind guidance. Box 8. 


TECHNICALLY TRAINED MAN to operate ao 
X-ray diffraction unit and to supervise electron 
microscope studies with particular interest in the 
structure of manganese dioxide and similar semi- 
conductors. Box 9. 


GRADUATE ENGINEERS for work in an engi- 
neering squad on instrumentation and process 
controls in the chemical industry. Box 10. 


INSTRUMENT TECHNICIAN qualffied in maio- 
tenance of control equipment such as air-oper- 
ated controllers and electric control devices, also 
precision instrument adjustments and trouble 
shooting. Box 11. 
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MODEL 1750 


Load Range 200-2000 VA 

Input Frequency Range 50-70 cycles 
Input Voltage 95-125 

Output Voltage 115-120 (Adjustable) 
Response Time —6 cycles max 


Standardizing the CO? in Toasters 
24 Hours a Day Without Humning a dice... 


SORENSEN Regulators straighten out weaving in- 
put voltages. It’s done the electronic way... with- 
out moving a muscle. No moving parts assure you 
of quick response, low maintenance and longer 


life. 





Protecting costly laboratory apparatus from over- 
voltages, speeding up assembly line testing or 
applied to any of your regulation problems, the 
SORENSEN Regulator can be counted on to do the 
job with precision and accuracy. 


Write for more information. 
Arrange for a demonstration today. 
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SORENSEN, . +. j . A 
+ 
4 COMPANS ; VRD, UU 


November 1946—I nstruments—Page 705 








NATIONAL ELECTRONICS 
CONFERENCE 


With approximately 2500 engineers, in- 
dustrialists, educators and research men 
from throughout the United States in at- 
tendance, the first post-war National Elec- 
tronics Conference was held at the Edge- 
water Beach Hotel, Chicago, on October 
3, 4 and 5. 

Featuring the presentation of technical 
papers dealing with recent developments 
and applications in the field of electronics, 
the 1946 meeting was acclaimed by many 
delegates as “one of the most highly suc- 
eceasful conferences, from every aspect, ever 
attended.” 

Among 
dressed 


the ranking speakers who ad- 
the three-day meeting were Dr. 
E. U. Condon, director of the National 
Bureau of Standards, Dr. Frederick L. 
Hovde, president of Purdue University, Dr. 
J. QO. Perrine, assistant vice-president of 
Bell Telephone Laboratories, and Dr. C. G. 
Suits, vice-president of General Electric 
Company. 

Eighteen technical sessions were held, 
with more than sixty prominent electronics 
men from research and industry present- 
ing papers on such diversified subjects as 
television, spectroscopy, infrared and micro- 
wave systems, industrial applications, air 
navigation systems, theoretical develop- 
ments, electronic instrumentation, induction 
and dielectric heating, antennas and wave 
propagation, FM, radio relay systems, 
recording and facsimile, microwave genera- 
tors, and nuclear physics. 

A wide range of exhibits, consisting 
largely of educational approaches to various 
electronic subjects and recent electronic de- 
velopments, aroused considerable interest 
among delegates. Nearly seventy manufac- 
turers of electronic equipment in a wide 
range of fields were displayers. 





AKRON INSTRUMENT SOCIETY 


The Akron Instrument Society held its 
first meeting of the '46-'47 season on Sept. 
24th, at Riley’s Tavern, where 52 members 
and guests were served T-bone steaks to 
their great appreciation. 

Following a brief business meeting, Presi- 
dent Luther introduced the speaker for the 
evening, Victor J. Head, Fluids Research 
Engineer, Fischer & Porter Co., whose topic 
was, “Rotameters, from a Slow Leak to a 
Hurricane.” Mr. Head discussed the effects 
of inertia, viscosity and elasticity in fluid 
measurements and showed pictures of va- 
rious types of floats in which one or more 
of these effects were used and the effects 
of the others minimized. One of his slides 
showed a float designed for flows as low 
as 0.8 cc./min. (a slow leak), another, one 
for 10,000 cfm. (“a small hurricane”). Mr. 
Head also described a new float, operating 
on the “viscous theory,” which he stated had 
been successfully used on fluids with viscos- 
ities up to 100,000 centipoises, (“pure goo”). 
Also mentioned by him was a float designed 
under the “elastic theory” and its possible 
uses as primary standard for calibration of 
other instruments or as a metering method 
for very large flows. 

During the question period following, 
Mr. Head answered a question regarding 
the use of the Rotameter with opaque fluids 
by describing the bead-guide tube especially 
suited to such service. 

President Luther expressed the thanks 
of the Society to Mr. Head for his infor- 
mative and entertaining discussion. 

—FreED APPEL, Jr., Secretary 





AKRON INSTRUMENT SOCIETY 
The October meeting was held at Riley’s 
Tavern, where 48 members and guests par- 
took of big steak dinners. Several more 
came for the meeting. 
Several clarifying amendments to the con- 
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BOSTON ORGANIZER 


‘My first real job was that of Instrumentician.”’ 
Few men can say that today when the profession 
is in its infancy, and one of them is H. S. Fair- 
child whose first responsible job in industry was 
that of Instrumentician 
at the Aruba (D. W. I.) 
Refinery of the Standard 
Oil Co., from 1938 to 
1940. From 1940 to 1943 
he was Instrument En- 
gineer at the Marcus 
Hook Refinery of the 
Sun Oil Co., and since 
1943 he has been with 
E. B. Badger & Sons 
Co. as Equipment Engi- 
meer, specializing in... 
(one guess!). He became 
an Instruments sub- 
scriber while at the 
Aruba Refinery in 1939; 
a charter member of the Philadelphia Instrumen- 
tation Society (now Philadelphia Section) while 
at the Marcus Hook Refinery in 1941, a member 
of the St. Louis Section last year and the Tech- 
nical Speaker at that Section’s December meeting 
(see January '46 Instruments). Last month, with 
the help of other enthusiasts, he organized the 
Boston Instrument Society. (See news item on 
this page.) 











Great interest was shown in Mr. Pugsley’, 
presentation, the second in the excellent 
series lined up for this year for the Akrop 
society. 

Next meeting—November 26th at Guggen. 
heim Institute. Speaker—Mr. Herman 
Taylor Instrument Co.—“Air Operated Con- 
trols.” No dinner, meeting at 7:30 P. 


—FRED APPEL, JR., Secretary 





BOSTON INSTRUMENT SOCIETY 

On Thursday, October 3, sixty-five men 
interested in instrumentation met at thy 
Engineers Club in Boston, to formulat; 
plans for a Boston Instrument Society. The 
group consisted of Instrument Engineers 
Sales Engineers, and Maintenance Engineers 
from various chemical and petroleum com- 
panies, instrument manufacturers and pro- 
cessing plants in the Greater Boston area. 

The temporary officers are: President 
H. 8S. Fairchild; Secretary, C. J. Nazzaro 
Treasurer, G. L. Seavey. 

Program Committee: Ray Hoffman ((Co)}- 
onial Beacon Oil Co.), Warren Priest 
(Mason-Neilan Regulator Co.), Arthur 
Holmes (E. B. Badger & Sons Co.), James 
Russell (Stone & Webster), Allen Ungarro 
(Engineering Corp.). 


Membership Committee: J. H. Condor 
(Instruments Publishing Co.), J. Melcher 
(Leeds & Northrup), K. E. Hart (Taylor 


Group at Boston organization meeting. 


stitution and by-laws were adopted at the 
business meeting. R. N. Vaughn was 
elected treasurer to fill the unexpired term 
of L. H. Smith, who left us for Birmingham, 
Ala. D. M. Yoder and A, H. Richard were 
added to the Executive Board. 

The speaker for the technical meeting 
was W. H. Pugsley, Manager of Engineer- 
ing, Hays Corp., whose subject was “Auto- 
matic Combustion Control.” Mr. Pugsley 
explained the fundamental requirements 
for proper operation and efficiency and 
the methods used by his company to meet 
these requirements. He stressed the need 
for dependability of equipment and for ac- 
curacy of measurement, codrdination ef the 
readings and power to translate the im- 
pulses into results. Mr. Pugsley explained 
the application of eontrol to various types of 
fuel-burning equipment. 

Answering questions, Mr. Pugsley stated 
that on ball-mill jobs, air control is im- 
portant and must be considered in layout. 
It may be necessary to measure air at dif- 
ferent points. The control system must be 
engineered on any job and must be built 
to be readily twned to conditioms. Both 
speed of fan and damper control may be 
needed if operation involves wide load 
changes, 


Instrument Co.), J. Price Fisher Governor 
Co.), Edward F. L’Antigua. 

Programs for future meetings were dis- 
cussed and the suggestions enthusiastically 
received, 

Those interested in joining should get in 
touch with H. 8S. Fairchild, E. B. Badger 
& Sons Co., 75 Pitts St., Boston.. The 
society is independent; it rests entirely with 
those who join it whether it will or will 
not affiliate formally with a National or- 
ganization. 

—J. H. CoNnpon 





HARTFORD SOCIETY FOR 
MEASUREMENT AND CONTROL 


At our annual meeting, May 21, 1946, 
the Society voted to become affiliated with 
the American Society for Quality Control. 
This matter had received considerable at- 
tention by the Executive Committee, and 
it was felt that there was sufficient interest 
in quality control to warrant bringing this 
matter to the attention of the Society. Be- 
ing affiliated with the American Society 
for Quality Control does not affect the loca! 
Society’s identity or autonomy, and mem- 
bership in the ASQC is left entirely up to 
the choice of each of the local members. 

At the annual meeting, the election of 
officers resulted as follows: 
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Chairman, William H, Gourlie; Vice 
Chairman, Joseph J. Ferri; Treasurer, 
ponald Collins; Secretary, Archie Mc- 
Dougall (Pratt & Whitney Aircraft Corp., 
Bast Hartford, Conn.). 

The following committee chairmen were 
appointed by the newly elected chairman: 
Gonstitution and By-Laws, Raymond K. 
Heliman; Membership, Dean Ayer; Pub- 
licity, Gus Manke; Program, Joseph J. 
Ferri; Entertainment, Carl Moeller; Atten- 
dance, Bob MacGregor; Advisory Com- 
mittee, Stanley Johnson. 

Our Program Committee has completed 
its schedule for the entire season; meetings 
will all take place at the City Club, Hart- 
ford, Conn., the third Wednesday of each 
month, at 8:00 p. m., preceded by a dinner 
meeting at 6:30 p. m. 

First meeting of the season will be held 
October 16th. The speaker will be Adam 
Gabriel, Vice President of Acme Industrial 
Co., Chicago, Illinois, and his subject will 
pe “Light Waves and Their Uses in Shop 
Measurement.” 

At the November 20 meeting, J. H. Brown 
of the Westinghouse Corp. will speak on 
“Practical Applications of Quality Control.” 

—G. L. MANKE, Ch. Publ. Com, 





INDIANAPOLIS TECHNICAL 
INSTRUMENT SOCIETY 


The regular meeting of the Indianapolis 
Technical Instrument Society was held 
Tuesday, October 1. Victor P. Head of 
Fischer & Porter Co. gave a talk, “Flow 
Rate Measurement Enters a New Technical 
Era,” which brought forth a very lively 
discussion period. This was essentially the 
same paper presented by Mr. Head at the 
Pittsburgh Conference with most of the 
mathematics omitted and was very well 
received by our group. 

The speaker for our November meeting 
will be Mr. Harvey P. Rockwell, Jr. of the 
Rockwell Engineering Company, whose sub- 
ject will be “Instrumentation in Pho- 
tography.” 

The December meeting will be devoted to 
business during which the membership will 
vote on joining the ISA. Entertainment 
will be furnished by one or two short films. 

—Morris UNDERWOOD, Sec’y-Treas. 





WHITING INSTRUMENT MEN’S GUILD 


The Whiting Instrument Men’s Guild re- 
sumed monthly dinners and meetings at the 
Illiana Hotel on Sept. 25, 1946. The speaker 
was J. Connelly of Foxboro Co. The sub- 
ject was fundamentals of instrumentation 
for the benefit of new imstrument men. 

New officers were on their first assign- 
ment: Charles F. Schweikert, Pres.; John 
Minsberg, Corr. Sec’y; Nick Scholl, Treas. 
John Cengel was Technical Chairman. 

Next dinner meeting will be held on 
November 27 at Phil Smidt’s Restaurant 
with Mr. Cohen of Leeds & Northrup lec- 
turing on “Maintenance of L & N Tempera- 
ture Recorders and Controllers.” 

—JoHN F. MINSBERG, Corr. Sec’y 





FAIRMONT, W. VA. 


The regular bimonthly meeting of the 
Westinghouse Technical Society was held 
October 14, 1946, at the Presbyterian 
Church in Fairmont. Members of the West 
Virginia Society of Professional Engineers 
were also in attendance. 

After the dinner, M. F. Behar, the guest 
speaker, presented his talk on “Funda- 
mentals of Instrumentation.” Mr. Behar, the 
father of the organized science of Instru- 
mentation, outlined the fundamental con- 
cepts of this technology. The engineers heard 
Mr. Behar explain some of these principles 
of instrumentation by using various phases 
of temperature measurement as examples. 
The lecture was illustrated by slides and 
“moving pictures” (animated diagrams). 

Following the question period, a business 
meeting was called by the President of the 
Westinghouse Technical Society. 

—Cnas. H. JoserH, Jr., Chairman, 
Publicity ¢ Public Relation Committee. 
























Doctoring sick refrigerators and ranges is a profession. 
To make it pay, you've got to diagnose the trouble and 
cure it as fast as possible. If you guess wrong the first 
time, the call may cost you money. 


Besides, it makes a better impression when the job is 
done in a business-like, scientific way. And don’t over- 
look the fact that if handled properly, today’s service 
builds tomorrow’s sales. 


J-B-T’s new Model 60-JRT Appliance Temperature Tester, 
designed for servicemen, factory maintenance men and 
maintenance engineers: 
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@ Gives continuous 







1 
Get one from your jobber. 
Put it to work for you, today. 





J-B-T INSTRUMENTS, INC. 


443 CHAPEL STREET e NEW HAVEN 8, CONNECTICUT 
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A BRADLEY 


COPPER OXIDE 
RECTIFIERS 





now... 


a “universal” 
replacement 

' —sirectifier 

| One rectifier for all circuits 
with A.C. voltages and D.C. 


currents within the unit's 
rating — that is Bradley’s new 
“Coprox” Model CX2E4U. 
Pre-soldered leads to pre- 
vent overheating during as- 
sembly and other Bradley 
features are embodied in this 
useful model, which offers 3 
rating ranges as a half-wave, 
. 2 as a double half-wave, 2 
biare as a full back-to-back, and 
Y as one as a full wave bridge. 
See Write for the CX2E4U Cir. 
ae cuit Sheet for complete dato. 
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BRADLEY 


LABORATORIES, INC. 


82 Meadow St. New Haven !0, Conn 
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Manutacturers’ 
ew Literature 


In this department we report new literature pertaining to Instrumentation, received from the 
manufacturers. We urge readers to request ONLY those bulletins which will be of value i 
them. Use the Postage-free Order Card on page 711. 





N-454 Tachometer Test Stand. 4-page 
8%” x 11” bulletin pictures and describes 
“Model 1810 Tachometer Test Stand” with 
five drive outlets and a stroboscopic mas- 
ter for high accuracy checks at every 
100 rpm. indicated speed. Ideal Labora- 
tory Tool & Supply Co., 3619 Evans Ave., 
Cheyenne, Wyo. 

N-455 Altimeter Test Unit. 8-page 8%” 
x 11” Bulletin 26 pictures and describes 
“Mode] A-900 Altimeter Test Unit” for 
use with a primary standard absolute 
pressure gage for checking and calibrat- 
ing altimeters and rate-of-climb indi- 
cators. Meriam Instrument Co., 10958 


| Madison Ave., Cleveland 2, Ohio. 


N-456 Soil Moisture Meter. 2-page 81%” 
x 11” bulletin pictures and describes the 
“Rhamstine Soil Moisture Meter” for de- 


|} termining the degree of available mois- 





ture in soil. J. Thomas Rhamstine, Box 
289, Harlingen, Tex. 

N-457 Pilot Piston Control Valve. 12- 
page 8%” x 11” Bulletin 601 pictures and 
describes “Belfield Pilot Piston Control 
Valve,” a small wide-range diaphragm 
motor control valve. Includes flow char- 
acteristic curves, mechanical characteris- 
tics, dimensional drawings, etc. H. Belfield 
Co., 435 N. Broad St., Philadelphia 23, Pa. 

N-458 Small Rotameters. 4-page 8%” 
x 11” Catalog Section 31-E pictures and 
describes “F & P Junior Rotameters” for 
flows from 3.5 cc./min. to 0.1 gpm., and 
the “C-Clamp Rotameters” for replacing 
bubbler-type liquid-filled meters. Fischer 
& Porter Co., Hatboro, Pa. 


N-459 Soil Resistivity Meter. 2-page 
8%” xk 11” Bulletin 211 pictures and de- 
scribes “Model 243 Soil Resistivity Meter,” 
a portable instrument for rapid determi- 
nations, calibrated in ohms per cubic 
centimeter. Associated Research, Inc., 
231 S. Green St., Chicago 7, III. 


N-460 Universal Timer. 4-page 8%” x 
11” bulletin, pictures and describes the 
‘GraLab” universal timer for automatic 
visual or audible timing in minutes and 
seconds. Gray Laboratory & Mfg. Co., 43 
W. Apple St., Dayton 2, Ohio. 


N-461 “Weston Engineering Notes.” 8- 
page 8%” X 11” Vol. 1, No. 2 of this house 
organ contains articles on a number of 
maker’s new instruments, including: Con- 
duction Grid Current Megohmmeter, Sin- 
gle Point Potentiometer, etc. Weston 
Electrical Instrument Corp., 614 Freling- 
huysen Ave., Newark 5, N. J. 

N-462 Electric Motor Controls. 72-page 
8%” x 11” catalog is composed of a num- 
ber of bulletins picturing and describing 
maker's line of manual, automatic and 
pedal controls for electric motors. Furnas 
Electric Co., Batavia, Il. 

N-463 Production Counter. 2-page 81” 
xX 11” bulletin pictures and describes the 
“Shadowcount,” an electronic instrument 
for high-speed production counting. The 
Autotron Co., Danville, Ill. 


N-464 Truck-operation Recorder. 4-page 
8%” x 11” bulletin pictures and describes 
“Model T-R-T Servis Recorder” which 
gives a three-day record of time truck is 
in operation. The Service Recorder Co., 
Cleveland, Ohio. 


N-465 Counters. 8-page 8%” X 11” Bul- 





letin Form. 50, pictures and descri} 
line of counting, timing and record 
devices, both mechanical and elect: 
Production Instrument Co., 706 W. J 
son Blvd., Chicago 6, IIl. 


N-466 Panel-type Tachometer. 2-; 
8%” X 11” bulletin pictures and desc: 
“Ideal” panel-type tachometer for 
where instrument panel is mounted 
removed from machine. Ideal Indust 
Inc., 1420 Park Ave., Sycamore, Ill. 


N-467 Bibliography on Spectrograph, 
16-page 6” X 9” booklet contains a ge: 
eral reference list of articles and bo 
on spectrography. Eastman Kodak ( 
Rochester, N. Y. 

N-468 Z-angle Meter. 4-page 6” 
bulletin pictures and describes the “T 
310-A Z-angle Meter” for measuring 
pedance in ohms and phase angle in d 
grees. Technology Instrument Corp., 1' 
Main St., Waltham 54, Mass. 


N-469 Test and Calibration Chambers 
Four 4-page 8%” X11” folders pictur: 
and describe maker’s line of test and cal 
bration chambers, including: Utili 
Units, Relative Humidity Simulati 
Units, Altitude Units, and Laborato 
Units. Bowser, Inc., Refrigeration Di\ 
Terryville, Conn. 

N-470 Production Counters. 12-pa;: 
81%” x 11” Catalog No. 50 pictures an 
describes line of pick counters and indus 
trial counters for textile mills. Durant 
Mfg. Co., 1929 N. Buffum §8t., Milwauke: 
1, Wis. 

N-471 “The Ohmite News.” 2-page Jun¢ 
July issue of this house organ contains 
a number of short items and descriptions 
of several of maker’s products. Ohmit« 
Mfg. Co., 4835 Flournoy St., Chicago 44 
Tl. 

N-472 “The Burrell Announcer.” 16 
page 7%” X 81%” issue of this house o1 
gan, designated No. 46-7-23, contains 
short articles on a number of products 
available from this laboratory supp!) 
house. Burrell Technical Supply Co., 1936 
42 65th Ave., Pittsburgh 19, Pa. 

N-473 “The C-D Capacitor.” 16-pag< 
5%” x 8%” Vol. 11, No. 6 of this house 
organ contains the first part of an article 
entitled “Television Receiver Antennas, 
by R. B. Garwood, reprinted from Service 
magazine. Cornell-Dubilier Electric Co 
Hamilton Blvd., South Plainfield, N. J. 

N-474 Micro Switches. 104-page 8%” » 
11” Catalog 61 pictures and describer 
maker’s complete Nne of “Micro Switch 
es” and iMustrates many uses for thes: 
products. Micro Switch, Div. of First In 
dustrial Corp., Freeport, Il. 

N-475 Electronic Level Control, 6-pag: 
3%” X 8%” Bulletin E100 pictures and d« 
scribes maker’s Electronic Level Contr: 
for maintaining the level of any liquic 
er conducting solid in any type of con 
tainer. Trimount Instrument Co., 37 W 
Van Buren St., Chicago 6, Ill. 

N-475a Vacuum Thermocouples. 12-pag: 
4” xX 6%” catalog pictures and describes 
86 standard types and ranges of vacuun 
thermocouples. Included are the Standard 
Line, W-line, High-speed Line, 25-milli- 
volt Line, 50-millivolt Line, and Ultra- 
high Frequency Line. American Thermo 
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PRECISION CLEANING 
by 


ENG-SOL 


METHOD 


The ENG-SOL Method produces 
chemically clean surfaces by bom- 
barding them with a high veloc- 
ity spray of solvent and air. The 
solvent travels in a narrow angle 
cone of pretreated air and strikes 
the surface with force sufficient to 
remove contamination. Finger- 
prints and lapping compounds, as 
well as oil, grease, abrasives, dirt, 
and lint are thoroughly removed. 


Enables recovery of completed as- 
semblies without tear down. 


Eliminates etching of surface. 


Cannot burn nor explode at any 
temperature. 


Write for descriptive booklet 


PASSAIC ANALYTICAL 
LABORATORIES, INC. 


PASSAIC, NEW JERSEY 

















Save Money by 
Group Subscriptions 


to Instruments 


The regular subscription price 
is $2, but on two or more sub- 
scriptions sent together on one 
order with payment in full, the 
rates will be reduced as follows: 


2 separate one-year 
subscriptions ...... $2.40 


3 separate one-year 
subscriptions ...... 3.30 


4 separate one-year 
subscriptions ...... 4.20 


5 separate one-year 
subscriptions ...... 5.00 


So you see, if five or more of 
you subscribe OR RENEW to- 
gether, the cost of each one-year 
subscription will be only one 
dollar. 


Instruments Publishing Co. 
1117 Wolfendale Street, 
Pittsburgh 12, Penna. 







































































UPPER JEWEL SUPPORT 








CERAMIC POINTER STOPS ; J 





ALNICO MAGNET CONTROL SPRINGS 
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i } BALANCE 
8. e— WEIGHTS 


MAGNETIC 
SHUNT 





EXTRA LARGE 
CLEARANCE SPACE 
CORE PIECE FOR MOVING COIL 














LOWER JEWEL SUPPORT 








PRECISION MACHINED 
POLE PIECES 


1. MAGNETS OF ALNICO, the most stable magnetic material available, are used in 
all DC instruments. 


2. LARGE CLEARANCES, between core, moving coil, and magnet pole pieces assures 
freedom of movement by eliminating sticking due to moving element rubbing on 
adjacent parts. 

3. JEWEL SUPPORTS are machined and assembled with aid of precision gauging fix- 
tures to maintain perfect alignment. 

4. CONTROL SPRINGS are fabricated from the highest quality phosphor bronze. 

5. CERAMIC POINTER STOPS are used to prevent damage to the ‘pointer due to 
accidental application of sudden overloads. 

6. BALANCE WEIGHTS of helical type phosphor bronze are used to balance the 
moving element, so formed as to eliminate slipping or shifting. 

7. MAGNETIC SHUNT is standard equipment on each DC instrument, insuring uniform 
damping characteristics. 

All ranges AC and DC are available in 212”, 342”, 442” sizes, both rectangular. and 

round case styles. Inquiries for complete information and engineering service are 

solicited. 


BURLINGTON INSTRUMENT COMPANY 
216 Fourth Street ° BURLINGTON, IOWA 
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FILAMENTS & GRIDS 





aang Many sizes and alloys | 


'. such as miniature tubes, 


_ hearing aid tubes, low- _ 


’ _ current-drain battery tubes, 























@ Melted and worked to 
assure maximum uniform- 
ity and strength. WIRES 
drawn to .0004” diameter; 
RIBBON rolled to .0001” 
thickness... 


> 


.000010"; 
specifications for 
and resistance. 


—_ 


SPECIAL ALLOYS made to 
meet individual requirements. 
Write for list of stock alloys. 












































SIGMUND COHN & (CO. 


44 GOLD ST NEW YORK 


SINCE 1901 
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- for a range of applications 


MICRO-DIMENSIONAL 


WIRE & RIBBON for 
VACUUM TUBE 








Electric Co., New York, 
_ me 

N-476 Diaphragm-motor Valves. 28- 
page 8%” xX 11” Bulletin No. 105 illus- 
trates and describes: (1) Type H-86 used 
in conjunction with control instruments 
to handle air, gas, vapor, steam, or liquid; 
(2) Type H-15-D or Type H-15DRT de- 
signed for high-pressure service; (3) Type 
H-1515 especially designed for pilot 
plants to handle relatively small flows; 
(4) Type H-1286 three-way diaphragm- 
motor valves. Dimensional charts are 
given for all types. McAlear Mfg. Co., 
1911 South Western Ave., Chicago 8, III. 

N-477 Polarograph. 6-page 8%” xX 11” 
folder illustrates and describes instru- 
ment for polarographic method of an- 
alysis based on interpretation of current- 


67 E. 8th 8t., 


voltage curve characteristics of a solu- | 


tion electrolyzed with the dropping- 
mercury electrode. B. H. Sargent & Co., 
155-156 E. Superior St., Chicago 11, Il. 

N-478 Motion Pictures. 28-page catalog 
GES-40-2J lists, with instructions for 
ordering, the company’s films available 
for loan (free) to industrial organiza- 
tions. General Blectric Co., Schenectady, 
Ne: S: 


N-479 Temperature Controls. 8-page 
8%” X 11” Bulletin No. 340 describes and 
illustrates throttling gas controls, quick- 
acting controls, stuffing boxes, indicat- 
ing and non-indicating temperature con- 
trollers, dial thermometers, temperature 
recorders, time delay relays, and “Saf-T- 
Flame” gas pilot. The Partlow Corpora- 
tion, New Hartford, N. Y. 

N-480 Self-operating Temperature 
Regulators,. 2-page Bulletin No. 10600 
describes and illustrates “Series 90000” 
self-contained and self-operating regu- 


lators, suitable for hot-water tanks, 
pasteurizers, storage rooms, plating 
tanks, cookers, feed-water heaters, etc. 


H. O. Trerice Co., 1420 W. Lafayette Blvd., 
Detroit 16, Mich, 


N-481 WVariable-voltage Transformer. 
12-page 8%” xX 11” Bulletin No. 149A 
illustrates and describes the “Powerstat” 
variable autotransformer for obtaining 
continuously-varied output voltage from 
a-c. power lines. Particularly adapted 
to control of electric furnaces, motors, 
lighting, laboratory and shop line voltage 
control, radio transmitters, etc. Superior 
Electric Co., Bristol, Conn. 

N-482 Instruments and Controls for 
Process Industries.. 8-page 8%” 
Bulletin 17 lists the various types of 


ie fe 


Bailey air-operated controllers and the | 
measuring components which may be | 
used to actuate automatic control. Brief | 


application data in the form of sizes, 
pressures and ranges are included. Bailey 
Meter Co., 1050 Ivanhoe Road, Cleveland 
10, Ohio. 

N-483 Time Switches. 4-page 8%” xX 
11” Bulletin T-55 lists time control serv- 
ice under three distinct classification: 
standard line, complete systems, and low- 
cost time switches. Six representative 
examples of time switches illustrate size 
limitations, switching action, contact 
rating, mounting methods, adjustability 
and other desired features. Automatic 
emperature Control Co., 34 E. Logan 
St., Philadelphia 44, Pa. 


N-484 Course Counter fer Knitted 
Fabric. 4-page 8%” X 11” Bulletin illus- 
trates and describes a scientifically cor- 
rect method of measuring knitted fabric. 
The Course Counter instrument gives a 
positive control of stitch size for uniform 
knitting on every machine section and 
is independent of weather and yarn con- 
ditions. Fidelity Machine Co., 3908-18 
Frankford Ave., Philadelphia, Pa. 

N-485 Layout Protractor. 2-page 8%” X 
11” Bulletin illustrates and describes a 
protractor developed for those whose re- 
quirements demand extremely accurate 


4 


layouts for use on their optical projectors | 


and form grinders. Exactness of mea- 
surement is assured on the inspection 
screens of optical comparators. Engineers 


| CLAROSTAT MFG. CO., Inc. + 285-7 N. Gt St., Brooklyn, W. ¥. 


% Clarostat originated and pioneered the 
tube-type or plug-in resistor widely used 
in radio-electronic and other compact as- 
semblies. And Clarostat is still the only 
one offering these features: 

MICA SUPPORT FOR WINDINGS 
GLASOHMS FOR MAIN LOADS 
POSITIVELY CENTERED SUPPORT 

WINDINGS CANNOT SAG OR SHORT 
POSITIVELY CHAR-PROOF 
ADEQUATE SAFETY FACTOR 


Remember this inside story when buying 
or specifying tube-type resistors. Don't be 
satisfied with less! Bulletin No. 107, with 
complete engineering data, sent on request. 

















A MICROSCOPE FOR EACH EYE 





ovens, etc.; permanent-setting thermo- 
stats for use where it is not necessary 
to change the operating temperature; 
sensitive relays for use with the thermo- 
regulators and thermostats; and other 
items of special instruments and glass- 
yare. Washington Glass Laboratory and 
Instrument Co., 3224 Georgia Ave., N. W., 
Washington, D. C. 

N-487 Teolmaker Microscope... 8-page 


6x to 144x. For descriptive litera- 


Spencer Stereoscopic Microscopes 
ture on Spencer Stereoscopic Mi- 


provide a complete microscope op- 
tical system for each eye, thereby 
creating vivid depth perception. 
They are noted for large field . . . 
brilliant resolution . . . great depth 
of focus. Magnifications range from 


croscopes write to Dept. 1, 32 


American @ Optical 


COMPANY 
Scieftific Instrument Division 
Buffalo 13, New Yosh 





specialties Division, 980 Elicott St., Buf- | 
alo 8, N. Y. 

N-486 Thermoregulators, ete. 4-page 
” xX 8” Bulletin 100 illustrates and des- 
cribes @ new line of “Mercuroplat” 
thermoregulators for adjustable tempera- 
ture comtrol of water, oil, air baths, | 


he 
ed 
as- 
ly 








8%” X 11” Bulletin 155-64 illustrates and 
describes a large microscope equipped 
with a protractor head, a support column 
with adjustable tilt, and a mechanical 
stage permitting longitudinal, cross mo- 
tion, and angular measurements. Also 
equipped with a removable cradle for 
holding certain types of work on the 
stage. The Gaertner Scientific Corp., 
1201 Wrightwood Ave., Chicago 14, Ill. 

N-488 Elements of Facsimile Com- 
munications. 16-page 5%” x 8%” Book- 
let illustrates and describes a facsimile 
set for transmitting photos, messages 
and maps. The booklet was prepared for 
the benefit of those who are just becom- 
ing acquainted with the apparatus. For 
those acquainted with amplifier and basic 
communications theories, the elements of 
a commercial system are also described. 
Times Telephoto Equipment Inc., 299 W. 
48 St. New York 18, N. Y. 

N-489 The Geiger-Mueller X-ray Spec- 
trometer. 8-page 8%” xX 11” Booklet No. 
R1041 explains the history and construc- 
tion details covering the instrument, 
along with circuits and data pertinent to 
correct usage. Practical applications, 
specimen preparations and methods of 
identification and other subjects are 
treated at length and illustrated with 
photos, drawings, tables and curves. 
North American Philips Co., 100 East 
42nd St., New York 17, N. Y. 

N-490 Universal Impact Machines for 
Metals. 4-page 8%” xX 11” Bulletin 213 
illustrates and gives specifications for 
the SI-1 Sonntag impact tester. The in- 
strument is designed to meet ASTM 
specifications E-23-41T and has six pos- 
sible ranges; 25 and 60 ft. Ib., 50 and 120 
ft. lb., and 100 and 240 ft. lb. The Bald- 
win Locomotive Works, Philadelphia 42, 
Pa. 

N-491. Optical Projection Comparators. 
4-page 8%” x 11” Bulletin, form SI illus- 
trates and describes instruments for pro- 
jecting an accurately magnified shadow 
for seeing and measuring “split thou- 
sandths.” Examples of complete gaging 
are shown. Engineers Specialties Divi- 
sion, 980 Elicott St., Buffalo 8, N. Y. 

N-492 Appliance Tester. 2-page 8%” X 
11” Bulletin illustrates and describes 
“Model 60” for trouble-shooting of open 
circuits, continuity, grounds and short 
circuits; for testing thermostats under 
actual working conditions; and for regu- 
lating heat on solder pots and soldering 
irons that have no thermostat control. 
Hanlan Company, 1419 West Jefferson 
Blvd., Los Angeles 7, Calif. 

N-493 Relays. 4-page 8%” X 11” Fold- 
er, Form ECV illustrates and describes 
relays suited for most control purposes 
in industrial and communications work. 
All basic types are offered, together with 
wide variations for special applications. 
Electra Voice Corp., 5215-25 Ravenwood 
Ave., Chicago 40, Il. 

N-494 Oxygen Indicator. 4-page 8%” xX 
11” Bulletin DW-3 pictures and describes 
“Type C” for measuring oxygen content 
of inert and combustible atmospheres in 
chemical, metallurgical and petroleum 
industries. Principal uses are improving 
safety, controlling pipe line corrosion 
and achieving fuel economy. Mine Safety 
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Here is your LITERATURE and INFORMATION order card 
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Please have the following catalogs, etc., reviewed in this issue sent to me. 
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I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 











Appliance Company, Braddock, Thomas 
and Meade S8t., Pittsburgh 8, Pa. 

N-495 Surveying Altimeters, 8 - page 
8%” xX #1” Bookiet illustrates and des- 
cribes altimeters so constructed that 
pressure change is directly and without 
friction read on the dial in terms of feet 
(or meters) altitude or inches pressure. 
The instruments operate on the null or 
zero-gaging principle and are tempera- 
ture-compensated. American Paulin Sys- 
tem, 1847 So. Flower 8t., Los Angeles 15, 
Calif. 

N-496 Electronic Instruments for Serv- 
ice Testing. 20-page 8%” K 11” Measuring 
Equipment Catalog 177-3505 illustrates 
and describes: “Unimeter, Types YMW-1 
and UM-3”"; Tube checker; Beat frequency 
audio oscillator; Oscilloscope “Types 
CRO-3A and CRO-5A”"; and Signal gen- 
erator. General Blectric Co., Electronics 
Dept., Schenectady, N. Y. 

N-497 Electronic Instruments for 
Laboratory Use. 24-page 8%” xX 11” 
Measuring instrument Catalog 177-3505 il- 
lustrates and describes: Wide-bank oscil- 
loscope; Wavemeter; Regulated power 
supply; Dual regulated power supply; 
Cathode-ray tube test equipment; Current 
transformers (iron core); Current trans- 
formers (variable ratio); and Visual 


alignment signal generator. General 
Electric Co., Electronic Dept., Schenec- 
tady, N. Y. 


N-498 “The Tripletter.” 8-page 8%” x 
11” Issue, Vol. 2, No. 3 of this house 
organ contains the following feature 
articles: (1) First Triplett meter found 
in barn hayloft; (2) Molding Dept. 
operations are expanded; (3) New Line 
for amateurs exhibited at show; also 
various shorts. Triplett Electrical In- 
strument Co., Bluffton, Ohio, 

N-499 Tachometers. 16-page 8%” X 11” 
catalog discribes and illustrates different 
tachometers for particular applications, 
lists ranges and driving ratios, and other 
pertinent information regarding contin- 
uous-indicating portable and fixed types. 
Jones Motrola Corp., 459 Fairfield Ave., 
Stamford, Conn. 

N-500 Automatic Controller. 16-page 
8%” xX 11” Bulletin 381 illustrates and 
describes the newest addition to the 
company’s line of instruments for pro- 
cess control. The features of design 
which make “Model 40” virtually a new 
instrument are explained. Indicating 
models, as well as recorders are shown, 
and the five types of control action avail- 
able are covered. The Foxboro Co., Fox- 
boro, Mags. 
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A BRADLEY 


PHOTO ELECTRIC 
CELLS 






































Many Standard Mountings, 


4 
| 
ey 
4 





In addition to the 
housed model shown 
here, with its plug-in 
contacts, Bradley also 

j offers tube socket, nut- 
and-bolt types and pig- 
tail contact mountings. 











: The shapes of Lux. 
“| tron photocells vary 
from circles to squares, 
with every in-between 
shape desired. Their 
sizes range from very 
small to the largest 
required. 


For direct conversion 
of light into electric 
energy, specify Brad- 
ley’s photocells. They 
are rugged, lightweight 
and true-to-rating. 
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BRADLEY 


LABORATORIES, 


82 Meadow St 


INC. 


New Haven 10, Conn 
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